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• i l l •• 
Slit 0f mmmmm^ 
MmiAmUmtkt -i^mmml^m m^'tt^mm^^- ilMi. 
mwQBM Of mmm 
flit «0«liP« Inltrett nf i««iloiltf• to tti« «ritivliil« rrlii«ttlr 
Stitte of Entoto (iiltd «felt «• @at0'li| Efttolii .i^ fiottH)* f*f«iB 
ttoat tiite o»irtii^ 9 « gf%at d«»l of worit tittff lieon '6otiO| 
6p<»oiaIly on tiie «raxfiit6lo .roelctf vteioli ii«o plctootf Iho 
ptaiiiitilji'of Biiioh froatnontiy on tlio goologto map of-
Inilii* f ho Entoto ^uraooioog Uf irlrtuo of oEooilont 
aei^ oIop9.eat o»A ««oo^tiimallF i^oli oo6Witit«io of iifrfift#» 
Itrnto ffiai»«t to«re i»0on niid eonfimio to hm tho mlijoot 
natter' of intonoivo i^ ieilaoontologiotil: anA itfmtlgraplitool. 
yosooreiioo* %m foootit jroorti tlio Airo# lieo mti^uiw%6 m' 
BOir otrotoilo iaportmioo owing to poiltlool ootioftdoratlono 
eni oloo <luo to ito oil miA §»» pototitiollttoot the tivo 
faotorip p6Vt)ai^ «« not bolus tintoolotolS* 
It io onfoiptiinetot liowiivorf tliat tiio Kototi •ediHotir» 
torioi did not roeotvt tbe ottoation ttiey 6oooi^oa ot tlio 
hand* of •0<lttteiitologi«t«* A voviov of tlio iniMiohitf 
Ittofatufo fttowo ttiitt no eoiit]ri^iitioii.j wortli tue mmm^ 
He* boon «ado oo for froa a pitroljr aofiiivoiitdlogftoal poittt 
of iriov althottgti ttmy ooata&ii vltliio tlioa a ooaploto anH 
wall pte99ief9A rooord of savaral oyolaa of aodi«ontatlo»« 
dioplair variotS litttologjri «ri6 ahoi^  a proiaB% dovaiopaoftt 
of pri»oi7 atruotiiroa* 
fli« pveimnt immMtl^e^iem i t im atttapt to »«!£• m 
itit«ir«t*A p«ff*9fin^liit ma& psAmfimintmmt tftu.^^ of t%e 
In. pmttm #f ^tntrai Kufali: nitli' m vltm to 'aotoffeiat ttio 
S»p}iron€tiie«i <li«l^ of«aS i»iitt«ir»f ami StttytAtioiuil «iivift}»» 
aont of in*. ioil,lttO!at9« h oAnitor teltt^: of fttxtfri tliougii 
to «k loocor •dotallf wem sifilto on. tfiH$ i^oks of **Wm$ B^^ti^w* 
of €f«tooooti« ( t ) ago oooorlitg in ot^ metmn$ tlio e i t f of 
BlmJ ia orator to dotofMtsii tholir r«Iotiottolit|> to ttit 
j^f<a«clo ieHiooittt* fhl# ao^oot of otudir woo oonolHoirotf 
iai^orliiiit tieoonso nettftor ttit ipositloAi of tto Siiti| Sovt-oi' 
in tiio otrotlirapft^ of Eotolt nor t to retetioii to tHo uiiiSof*' 
iyii^E ifiiroooio toliiiioiitOf to oloorlr'istt^orotooi« 
mmmm mu nmtmm m ^ E m^h 
fim otady oifoaf. 'of^pfoxtaateiir 3$0 tgoofo »ilo«» io 
•ituotoa in tlio aiotriot of i^toh| Giilorot Stoto* I t 
iloo iiotwoon tiMi north l«ttitiait«o of a0» tV m& 2$« 2V 
attd oMit longitodoo of d@* 3^* ttitf 03* $6* anfl folio wttHln 
tlw Survoy of XnSio 7opoir«piiloiii otiooto KoOt 4 i ^ / t i o»<l 16 
aii^ i 41 l / l t onit IG» I t iooIudoOf in i to nouthorti i»art| tlio 
aiotrlot ttoad^oairtoro oitr of Him^f uliioli to oonnooted W 
m»A tm& railvof to Palanpor o» ttio BelltiwAtatioflaiiad atotor* 
gmgo mmtn lino of tlio'Woatofftt Kallwajr* Commnloatioii 
vltiiin tito aroai hovrovort la roatriotois to a fow bua roiitoat 
Init ttost of I t oan bo roaotioA oit^or t|r t^sllook oart anil 
oaKol OF li|r vallsittg Song distanoo on foot* 
§ <"• 
Oif far tlM» a»j0r purl of tli« «y»fi is detolA of 
' lia%»ltGti«it «iiii vast treets of Iiiii4 ar« tmw^im^ 6ttfe«r 
% 1ll»iiti ««ii<!i 01* i'iie idtiolatt amtl ial ia# «ii«'l««' «f tin* 
lUuia df E«t0li«. 0fiapt»i. feei l l t i«# iHr« »ear<»« tmBt long 
liiataBCits: liaf# to^  lie %iem^itm^. thrmtgu thm 9«kfttm»» 
4«atfrti# •«»<lif tlRi6» f^ndtflni eo'iif' pert* «f ttt« ar«a 
score Of WORE 
l^t t^# ea^ w of oerltoir noffctrf wroro ttttiiioS for t M * 
tifaoo# jsmlt; ifuiilott* iio6tfifi«i$lii{i« woro- mfttfo c^ A now 
mtm v«w^ mM%-0 lo tlie oailottiig •»{»« i^orofor fo«i%i 
ftoooooti]!^ . ftio Ctoatl soqpenoo lit tlio Mwlbfy and tllfturs 
eono* «a» 'iti^ii^iiStd'. on littiotoilo oonotaoratioiii into 
larger mA MBolior «tttidivi«ion«« 
A potroiifepiiio &tii€f^ %m»^ on $$9 fHi» •oetloiia 
of tite eoar»« olavfio and oaitionalo rooim ooeorifii iA 
f ^ aroay «aa wado* fHa atu j^r inoloaod aotoiatnatlott 
of toxtoral Attrllmtoai aoaal eonpoaitioii aiii ^mry 
ninoral ofearaot«rlsti«a« Stiaio imita ««t« not iiifea«» 
tigatad baoittaa tii« Kata olitaltiall ftoii tlia aliova «iaatioii«l 
roe&a m^rm fluffioleot to <lr«ii aignifioafit oonoltialotia*. 
A <l«to&l«d pglfieotittirreiit Btn^y of tH* «irea 9at 
^«o sm6% on tlbo l>ii8i» of iSifoottonftt atnt.iifu.i«ii mioli a»' 
opi««*lie4l<]ittft| r&p^lo Mar&« and peirtliig linontton* Hmmt^ 
imMim v^i iio»tiiro4l at .0i tooelllios* ffel« •t'tnoturo 
jronttvoA tuo iiaiii'iRia sttotitloii as i t was tlio noAt almii^aiitSr 
ooiii#liig anS al-io liao«u«o t t §em» ttit SOB^O' of d&reetioit 
of a«<!i«oiit traitAporl* fflio paltooetiiTeiit data «i» furttear 
ini9P'l#»oiit«d t)jr grain' t-aHfiO' atiidioa of aoiia ptoxiliieet 
aimtfatoaa li«<la« In o l l j tlia Ofiaatatioii of 6f400 otattio 
4pj|ftt fvaiiia »aa ooae^rod la 32 pW0p»]t%y ortoiitoa this 
ao«tioii»« f l i t m&mi. mrrent dirtotton at oaoh looalitF 
watt oo»pitod« 
#m tiio hm%B of ttia a^oiro atodies i t liaa lioaii 
fwaamio to tooato and; tn^aloato tiia pm^onatioo ivhteti! 
»ii|>piloi! ttio detvilna to'tba ^uraasio liaatit* flia 
aadittettt diaparaiil pattoftt- aatieting ^ri.iig ttia deposltioii 
of CHarii Katfot mA Btm$ rooH* vas alao «ata1)liatied on ttta 
Daoia of {lalaeoourrotit anaty^ala* ftta pattograpMo aoH 
{lalaaoourrent atudloa in oonjunetlon vitti thoia on aodlfi«ttt<« 
arf •truottiroai wara iitiiimid in daetptiarlMg tha 4«|»oaittonai 
liiatoiT of tha aadiiitnts* figttra i attowa aoliopatioaily ttio 
aeopa of the pvaaant iarattigatiott* 
AOCKOmuSimEIISMB 
ftia vri tar tlnmlta Dr* v*K:*&ri7aatairai Raadari 
INioloipr Bopariiianti AllgarD I6iall« tmiiraraitrf Aligarfii for 
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Composition Of Provenance \' 1 
Provenance 
PtG.l.-FLOW SHEET SHOWING THE PLAN AND METHODOLOGY 
OF THE PRESENT INVESTIGATION 
tim enUm •tii«r» Maiif tlianl£» are extended to 
genent fia<l f e r f t w i a i n g lalNirfttorr f ae l l l t l ea * 
fIMS %elp f«!5«i>^tf hf tin* t i i i l i iwt ' f^ i « gr3ittftt. l lr 
getlogi^Al sap #f I!A1»6 donei Or* S»K4 %rai9al.« Fr^t^aiKir' 
of 0«©l0gyt, B'tnafim l E i i ^ lftitir#r«-ltyt f©r mmful M.mm^ 
fittt#B»l tl«s«r0'^  0*E«Eiu& &mA t«la@«€iirftl of l ^ t i | f o r h«lp 
In arrisaoMiipg a«!«oii5i0i(»t'iQii In th t f i « l d t cMolf i«B«Bliarai9:irii.|.j| 
i i i» eolleagtttt for lielp I t i iiiiii«r€itt« wmyB*. 
m» i raQi of a inntev Etioarelt ft l loirslif ip tiy t t t t 
Couneil of Soioi t t i f ie and i n ^ e t r i m Itiaaearetif }7aw INil l i l i 
l a gra ta f t i l l f aelmavteiigaii* 
fBEViotjs mm 
A great v#lfin« of l i teratur* exlfits o» the paleeohto-
too* rfiiff eoirreiiflr poiiit«a etit ttist t%e &t«& ^ f Xnteli i * 
••»## px l^keililir tilt •(}«$ fevouiroA loeality in t»® world f©r 
{ureser^ratiea m^ %4»m em^mmB *« I t i« n&t •urpriotag, 
tbi»refi>ir@t Utiat $b« »exi»iw amount of vorit •lioiiii hmm boes 
mim on tti« 9ala«oiitol<igi«al aapent of mte% ^nr&ioioa* 
MtlKitigli^  tbooe 0n%Btmmng eiiiitrtlitittoat lienro e.Me6 nuoti to 
our imoQloHio of ititoli poloooiitology mA in fixitie ttoo agea 
of tfi« atfforest iiorii^»«| tti«|r aro not. of ms^ ilroot' 
oonaoquoitee ta the eoatext of tlio proaont tinroatteation aall 
tiavof. thoroforoi not Itoea aiaenaaod in ttio follovini fagoa^ 
eoatr&lnittoiia on the aodtiiontotogir of mitoti diiratfioa 
art oonaptououa t>y tlioir aliaenoo|^  ttio ^roaont Imroatliatlon 
la the f i ra t of i t a itind to heva l>ean attawptod to atuds^  tiia 
j^uraaalo rooica of KUteti in an int«iratall nannar aa pira anA 
aiiipla aadi«enta» 
Tha rei^rene^a diaouaaad liaraunder ara rntty titoaa 
whioh ara of atratigraptiiOf atmotural| aailiiiefltalotio8l« 
palaaoaeologioal or pataaogaograpliio inportanoa* 
Gwmt {tmf} laid th9 foufMtation of Katoli a trat i * 
graphjr alian ho aapped tho araa| deaorlhed tha f ariona 
«l». f •»' 
imltt* i»: Att^ f^tiiittf m m»^«m fMtit atiiJGii -tiitt inimS^ 
w^mm | l i$t> islMi «*y#xttdi.. i^ #lliiuHi tn'tiit' tiMm 
4stmmBte *r Bosivr «§• tt»d tli* *%i^jr Jita»»«t«i atdn^* 
«• 9 «i 
fim lower pm?% 0f -th^ *'frpp«r ^omssle Qr^i»* «&• 
«on«iai)ir«d tiy lilii i« ei>tistlt«i« %m *ffit!iitttoii Se^t*« 
Ao00irdlni t0 M« C*^t«> tSfS) **tl»« tmmBitien imm one 
•et of ehmfmttt^9t9itm to. aiiotlier t« M)^  gifotdiii^  tmA 
^ettiliar l}€i!i,| mmmtumly utet wttli oiioisf. diit m th$ nfHeir ' 
0f tilt *iii^ i»«r ^urBmim Qmw^* tn ecHWMii «itli tii« 
«iitt.r# ^nwrnmrnte- m^^fimm In the 9e@l.i}xip tM* gmmw waf: 
Itntioular aeetiMilAtliitt Iti nfiftlloir val^rf «irl-«e»e« of 
lAi&oli ia «fford«<l tif tlMi sif«(valiine« of oliliqiiti le&liojition.* 
fIM f»«etMig« ffiHi ttm lovor to tiio npipor pern of *|}ppor 
«rorf»ifio Gmap* waB. oonaltforotf 1^ tiln to i)o porfootljr 
gFOdNitiil. onA tlio noFitio oiivtiroiiiMiiit wito tlionjlit to - HflflFO 
^tr»iiit«<l| tbrotiglioiit tho ^oj^titloti of tlio l^lppor 
Juraooio Group*** 
fito tot ill Iblelciiooi of tlto Jixr&osio oeHtiiotstt til 
ttttoli «A» ooniidofod l»r Wpiao (l8tS) to %« of tlio ortfor 
of 4#000 to SfOOO foot* fbo ttjroBito of tfagor P«i1lc«r 
to ttio nortiieaiit of ttw Mmm woo oooottforoa Hr toln to 
eoaotltuto tho booo of tlio Kutoli oodiaoiitartofi* 
j | u . 1u' nau. 
w«figeii ( I67it i@7i) #lii8@ifiei! tii« iltiropsie mek9 
9f Hutob lato> four $#vJl6«f: iie»$i|'t 1^ fi-ti»tic»i» 6liftrl| Eatrol 
find V»iitg i» orier of decreiieliig a^ge* f li« f^ 0tiitieai.f Chiurit 
Eatrel. oiia tho i«wer part <»f Hiiia Series oorrtupoiiiSeil^  to 
tlHi t^»ower Jurftffiit Qretip* wliile tlui^  vifip^r part of tljsiia 
$»rl<i« ise]!i^ .»{>0iide.<l to ttt«: ^'Vlppmw Snitmrnmie <lrmi|>**, df 
frxuiii (iita>« 0i«hfMi Ct«&S) m i irn>d«n^ri imm} 
hW0«i&lf folS^ >«Nid' tilt ^eliis«ift«atl«it, pt WaHgen, Ctdf3) %iit 
.is«iiifieii t|}« rttlstiip« «f#t of tli« ir»ri«'tii 8*rt«» «». 
paliivotitologteol ediitid«ratto»0V 
eetii»6» I9SS efill IMS' fr0f« Minrntb of'ttt« Baneree 
Kitttftt tliilv#r»itr mtuMM iim W»t^h Smwtmptem l » Uttail 
smik mtt&» l»poftaiii .contillnitiom to tltt «tnit-lgrd|^.lir i&eA 
l^alatoiitolosjr of Klit^ 'fetft .RA^oatli (t9^0) nctpptH tls« ettitrsl. 
ema voctoni. pm^m of t«t«li oit on* limit to m i i l l t fioalt and 
olo6sifto<$ ihO' ^uraftsie and crataooooa.foolcw of tti« aroa 
Into PatohiM Sortaat Cbart Sorlooi Eat rot Sorlo** Ifnia 
8orl«a (raatrSotoft .aaaiia)'« fncra^  Ooday and BtiuJ 8erl.ea 
in tlia aaeaadlng ordar* l«atar lit (tiajnatiif 1034) r) 
nappad tite I^tiaara aroa In Waatotn' W&teh on four inol&oa to 
a si le scale and aitbdlvldad ttia ratobaa and Gbarl Sarlaa 
Into 26 dlirlalona walnlsr on lltliologloal oonaldoratlooa* 
Stiliaaquant •tadloa of Rajnatli <l94t) ravaalad ttia praaanea 
of als nseonfofiiitIaa v l tMn tna ^uraaala roolea of Knteb* 
00 «0iieltid«d (p* $S) that <*«•* t ^ »•»». irlileii' UMI 
tifm^^a lot eh •«* i»«^ill«t»d wewy mietiw* On tlMi 
ttttsieexi. tfeit intftlt. $#& and tb« Tetli|pji S«a to the tmHh 
on tbi 4»ii« lii»adl'.y luia li«tim«n. i t mt& ttt« s^* t# tl>» •ootli 
on t} i# otlStKf« 
Asriepstl (i@4S) Kc#9«^ tto«: Jtoif^ I9dl],:i« iMirtli««est 
of Wm$ Oil fc»ti>r Ineiif» to m e i t * •e«&« oiitt nottli tiNi 
ional itfttetnf^ of t ^ voolef «tiA «l«e tto« oeotimtiet of 
foofes of tiio P»t^ oli@K ffimS Citiaiirl Sotloft of t M F^feoara. doao 
late i6 lioilo o» tlio Imoto of ltttH»loit«al otiafmotoro*. 
towoi^ CiHiS) fato «s oooomnt of tfeo sooloir <>t tltt' 
HaHo li i l loi ' nori'fowoiMit of Bttitlf. mA mmptmim^A t'tie ^o»ol 
otmotus^ of tho i^ iitoHwi &m^ ^Kurt t^ o^ko IMI< ^ O to lor^o 
fNsnlo tgnootto iMiim$tipnmmmimtmli vttl i tlio .lioeo«»t f mip' 
Ignooiii mttvii^* 
f«3^lor Dtid Osft (tdS4) oiiigoiitoiii tttot tiio 0fx»| i«i*loo 
itojpt in jpertf lio ttio torrtott ie l oqutiroSoait of worliio mwa. 
8od« In nootorn iototi» fs^lov 4and Potbiaic (IfkdO) ogrood 
wttti tlito vio»# 
AriEOtl (toSG) doooritetd tito >ura«oio roo^o of itetoti 
on t%« ^ftoli of tlio flfidiiigo of Wytmo ( te t2 ) | Voogoti (IdfSJt 
S{>«t&\ (t0t?«t«33| mid Koittotli ($0d8)« 
til© H'^t l i l l l i ai»e t'ii« cicteQxir«n<i« n l th» tmttew in tfc» 
.(tree bttifodn ^ mmMm mA Mhtmmi m. tiit iotiftittii. ma* 
PodMr (16S0) di«0u«»ed t M o t i p i i i9 i t»t l i t t# i i In 
four t<»n«f on. t l i t %m9im « t .f€eoai»« 
mmmn ii 
sfiiAfidRAPHf Am &mBs ummmm 
f!i« ^»iiititla of Kotisti t9 ocimpled hf m ifaf*&«0 
gft>ii|> <if ,ii»eit* it&n§^^§ t'li age fren tH* Jttvliiwafi t«tKe 
!iee«iit» fh« i^^lis <if fto« «l»ramite «i« eoirer « «t<l« 
89011 ta tiM <>»»tral ABU iiGrt%k«fii i>ttirts of ttw territory 
dttii ottMn « t^lotmets of mtmu%. §^$00 foot ottAf tliort* 
foni| otmtd out proatsootlsr In the ytratlgropMe ootiiaa 
of i^foli* fliO' Jttisioit noaiiBOfito aro uadorlstn iir 
orfotollino xooiti (Kottlr oyonlto onlt gntoioo) of doubt*' 
in% mmtm»Bm '0m »^ ^»§m ^oirlior ivtikt»%m&)- In tlio iio.rtiiw 
•o»t ooiYiet of t^o »«nii of liiteli Wt ttooir tiooo io not 
•spoiiotf. ooriiliot* Oil t^o Molptoiii^ X» turn tiio^ oro 
oirorlftin lijf tfto Dteoon frafo ontf toirti«i^ ««di»ooto to 
tlio ooutti m& vest roopootivolr* ftto ooo^ vooto of 
tHo BfuiB of Ratelt fomo tlit uortHofti I t s i t of tlit 
iloroooAo eotofopo. 
fho aiotninitioii of m»%0h luraooioo to Bhawn in 
ttio ifltvet t» rig* li« 
flio «fitroo«to rooko of ^tott oro otmotarollr 
«&«tiiit>od fit plftooo ooA liovo l»o«a foltfod mk& fOttltofli* 
Broodlr speoieiiiit ttirio »«ot«»*ett tron«igg wittollixAl 
tiolte OMU lio tfiottngtiioboe Ctlajiiotlit 194$) * tHo 
Ettaxliri Btla anil €liojr«r» ti»» «eeofid| wiileh &• t1i« 
noftt pvm'kn&mt^ xuat f»»i Leii^ Ktii'i^ i ttnfutigli jtntarai 
^ t a asi^  Ba!»fi« mK fititHcr ««st«iiira% nhile tlk« 
ffeenrs «mt«ii of i ^ j ^ fii« mM^timB. mm mmif 
plungliig. end ttgy«Bn«|yl€i»if «ti^ us it nti«,^ imsfe tilfli 
Borilitrlr ^ips (90* m- m^l «it# gi«}itd idtttli«rt|r MPB 
Cii* « 26* ) • 9u0 te tli« fii6<|tia^#r0iit <liii^otflttii» d | 
tty» f&nr m»$ow fiiij|t».t trm^mtmg tli# mem frfm •«•# t^ 
ii««l i^&m&it^ I9llt)4 fl)# t i t t t fault l i t t i lanHiaiatalf 
lo tbt: norlii. of th» f t rat :aiittiiliti;al. rliaga ivitlle tliit 
•aeoua fiina aloiit' taala«it Kwtelt fiaeeliii tturattgH ttii» 
*Umm$*^ fiia tMrd fault ifiiB,a aaylii of.„tlia^atii|{iiii 
|itaf tott«iiliii tlia ooftlieirgi frififaa of ttia «IFIittfa aalt 
lobo t t i l l t t flia foortli fault mtia tantli of Btml alosg 
Ilia EatvoI*ai»f«ar ridga|. 
fUe ^iiraaalt aadlneiita »W9 lotfudad l)>3r a i l la and 
tt^lcea of liaaio ignoooa irooSea aaaootatolt vlt l i tlio Daeoaii 
rrai» igneotia aotliritf i ftia intnitlvoa ara oi tialiilf 
^aaiiltlc ooapoaitloii but oooationallir tempropWrf ara 
alwi 9t»99%y a«itoelat«a wifli tfet»« llont ]»t^tttii«iit Hi l ls 
%m tm mmmisxe pl»i« of «<»l«rtt«« t^t •tfeiH^ of tlieBt 
tgaeoiit intfiisioiis on «iMi Jiir«»sl0 BuMm^mB b&« ^ t t i t ^ 
iB€Ksr«tiefi of t}i« t t ia l i l * «imd«t0ii«« Into noiiiiaot hmtA 
ir«ri«tio« :imd- ttie fosuMiOtt of .howAtelB^m- -mt ttoo 'oxfioiiM 
of 'tlsatt «nlS oftfl^fiaifo »iitt»* 
flm Mm*9te meUm of ia.t«b'li»ro h%9n «laa«tflea 
% «i!ireriii woirfetrs fro® tlie« tO'tiise CWfimti t87Sf Wmtg^ oa 
I8f3i 0ldtiiuit iS33| ?fHido]i1»iirgt Mm$ Ko|oatli, tp8?t t6$3 
|tt itojuati} i.u2i np&%h0 AGsai rodnopi im^h ^ t tti« 
iil«0»lf iOAtlon pkupoooii %y U&^am%' C tdS2) t«. »or«' eonpro** 
Ii0ft«|¥0. Mid s»rfte{t|o.aI| l)i»od', «#' i t in* on ostenoiiro 
f io l^ iKO'V^  In ttm eGntrsi^ mi& wofltoni: |iiirtt of ictitoli'* 
fbi» ol«»0ifio.<iti«'ii. '6i9e»« to to.€^f boop. wi^olir aoctptell 
and io tlio ooo followoi %u tli« prosont ftuar*. 
fho ioolofiotti m&p- of t'INi. «ro« tmHor InroAtigcitiQB 
is oliovii in «ftp' in Flg't' 0« ana ttio stvatiimi^Me' aoQtieitoa 
wemi^BmH la giirati. in faMa l|;, 
l*oiii#i|.<i» l^l i iS. lviaioi i ' i r i t ' ^ l o i ^ ' A'g* 
ipi<i:M»it<-«i»lil>i»»«ii«pi>*;Miii»i»»fyii»iii«Mii'i(»]|iii>iMjiti(» 
Ktt>%'ifiii« 
i i t # r i « « « 1 ^ p l a n t 
iriilaSctiintitti' 
^ : l i l f • 
t l n t i i i i r sl^t i l .** 
^i^tmmitm. 
F#|ftltt|l,0!tttS 
E i f lH i iw t i i f l i 
^»i i 
Pmteimm. 
Skill Bo» I * t 0 01 
Boil U0m SS 
»•« lt«« S3 t o 80 
•mM pw9h».hif nor* 
at til* Futelmai 
nt^'itd gr$-tm 
At t t ie tos>« 
^ d l i M i | t i # I I I 
llt.03ll# 
^A l lo f ieo i . 
. i t t l l i o i i l i a i 
^MMfMNMWM'HMmiiHiM •ii.iniutiii Ill-Jiniminiwiiniiinimmm>mmmm»mii<ii>mmmm»jmtt^lm<mmmtmim'i'«it''«i' «'Wn'WimiiiMWIWWWW 
mMftmrnsx or mm stmik 
1%» m.0im ^^s^ehem- B^wimB mm giirutt t^ waii§«si (tsts) 
In tlie- ^ Imwsk ium»^ ttoe l^ atiOhosi S«i^0» i« reprvsented 
^ 0 gr«r tlm&miom wmeh t« iBt«rieiilail«a vitu ttitii: toands 
of «liit« iltiile* f1i« liiB«»tiiii«' io ttiiii !}6'&««d|. the 
inMvt^uut lied* irarsriiig fro». I imh to B Itieliei In titte^tfie* 
fliii t>mm of tttis iiwo0%o»»-i9 »ot ts^ osed^ eiiriilior*: tMid onlr 
it» »ppoicio«l S imt mm-Bemi in • •ti*«iM mttimg aiiont one 
dud a tialf •&%•• soiitlit^ fr i^t of Badi. ^Illago ii«ar A I032* 
Xii tbo Sa'Ni doeOf the Pattihtti feriac It^aftliil'^ 
eoaponed of i>looii to Xigtit ivi^f flitis !iodd«dy woll |oint*d» 
IlttOitoii#« fbiii sliai® iotoroolatioiiff aro ooamon tint tlioir 
total ttitofenoaa i s tiiftt^tfii»eiit %m ttio aoattoiia etitdiod* 
fbo o»tofti|>a in till a doao airo wmm ostonalva and l>attar 
axpoaad tbeiit Iti ttw Jlnira dona end ooenr in a iianti* l»alt 
e^out 2 ailaa loag imd t0O foot ttroad t>ut tlia Indivtdnal 
outoropa ara v«rr onull 'Ond raatFiotad to atfaa* oiittitiia 
bore 00d tli«rt«^ flia aajor portion of tlia Mijia^met^ ta 
eotofad ntidoF allitvittti In vMiili ttMnnr 'tnialKaa anoond. 

wmmmmn m wmm t 
liE^i "tom t^iitf isttimiaiiir jAliitliii 
f l it tlile^«Bt eonfleii #r«ilo!ilft recurs ^Hetit «»«« mttf 
tlirft«j0iiifili •tl.«« «f}iit^«{}tttli«««««et of Vmwmstg and !« 9d 
feet tMe& «^ Mmmt&w§, itw ^atei^f t« v«rtlo«I &.m omtf 
th« Wi^ p^ r and loirtr 0 fii#t .axU' «vailet»l« i9r sttil^ (l^lat* I | 
f lit r«f0iisn. reiiliv in;, tim BfitHs -deiMi «r« MtimMQ W ^ 
#»l,«rltii s i l l^ dHont to feet tMelCf. wlN^ left sltoiii n wit'l 
^09m%Gp9& iw^wtleir eottt®»ar lolntifig;;* f lie e l l l eeeutv. 
«t t'bt tmm of tii« •eetiott ei^eed In a ra?lite «l}0».t 
2 stlea eotitIi*«w«il of DlirBiig (i^late I f f ig * i ) 
Ciiaifi Seifiee Cnoiio S«i*iea) 
file name <3liairt Sarlei iraa prafoaeH l>f faagaR (iStt)' 
after tHe iri l |«ie of <^.«rif. about S3 ntles ir#et«iioxtli««eet 
of Bte«j« fHlt i»»e»elatiire «ae et^tloAaoA %f B«it«Agr««ral 
in S0&§ (•«# Airavfiii I 9 i f | | i * tSI) on tite firoifiid tfeat ttte 
*Cfaari** ttielea irefe not escpoeetf ts or ainoit»a t!ie vt l tnie of 
Charlf wiiieli eetQellr wm- alttiateiS oit tiie 'roeiia of iatit»l 
Serlee» He rettMxelt ilie CttarS. Seriea a# *lial»i Seriet**' 
beeaiiee of i t s exteoaife oeoiiiriiioa in. ttit Halio l i i l la* 
In tlie preeent wotti liowoteti fbo old noacntolatiire of 
Vaggen (t8f$) baa beea iiiadt iteapite ttio v a l i i objootlona 
of Agrairal (t06.7)| bioaoaa of totif uaago of tita t e n 
•eiiai^ Serlea*' wMob la tiwmlr imtrafiotied in Inaian 
itratlgim^tiio noaieoolatiira*. 
«*' IB * 
7ti« woekm of the €h«r| S«rl«e i>oe«i* extenfiivelr in 
tlie Jl»ir» and Msm '^ @@«| &^itbpw««t fltia aoirtti*ea(St et 
^^ trora dflwiyi fite liotittciftrir lietvetn tii« ree^e of mmitt anil 
Idtifol .ioftoff' III <lliui>a 4oiio wa» r««ioli»eated 1^ tliO: 
|}ife«tiit tnttbor Hooeuso i t mm fotii»} ^urtag tb« eoureo of 
-ft#l.d votlE tHat tfoo exlAtisif a»p» (j|gri»valy i M t f tfltray 
1964) neoded •oao oort«i»tio»«* m tlie tBai» piblloliedl 1^ 
j«ra«ai (tOSf) attH ll ltra (1964) tli« Jtiantloo t>«t»ooa tli» 
Chfiri and E&lf^l Sortos on the we«toiii «tid of tttt doiioy 
'&««• n@#r'0nra| t» ahoim to taico a «oiil«otr«ular bon^ i 
oaaf of ttio river Sli!irci4* PlolS wort l>sr the iireeent 
aitlior l^ aOf tioveverf ireiroalea tbat tlie oontaotf tneteal!' 
of eiostngff ootoally ew^smm ttio eal0 river due to an 
eibwupt ofetange In the itr i l ie of tlie roelee mtiS olosee eoue 
aietanoe after oroeBine ttie rivers ^ a i n In tHe eastern 
part of the 4mm§ the abov^ e naned prevlone voiriHero eloeed the 
Charl roelie otiout two Kliee »orttH»eaet of Bltetchrl* A9 a 
natter of fact* the eharl«Katroi eontaet In the eaetem 
part of the ifhura done l ies e« eueh ae 4 nilee eaet of 
Bbakhrl and paeeee through the doeerted village of Chimlerl 
(not ehonn in the nap) on the BhuJ i^roleanla road* fhe 
total area of Chen rooke in the iThura done leg thereforef 
nuch nore ae eoapared to that ehovn hr Agrawal (i&S7> and 
ISItra (I064)*< 
Agriwal itmt} mmivm^ii ttm Oiari B&rim {vmo 
mwim) into %km* ^gvmpm*.^: mam^lf^ ttmmf Ittfittt tmA 
t& mm th» to«fii «Meiaift«» of t i i i t s»rt«s is <»t tto* 
&W4BV of *|384 feot* 
Stite* fht nature ^f ttte Clieil i^ -D^ fes irsrJtes froa 
ple«tt to ptc«*«. fli^« raaial ftftmriirsts firm tli# fiiilpli«t|r' 
toi i tx^ tti« e«iitx*» 9f t i# Itiura done, ««!»« m&m W^^ tltt'' 
tli« vnrionv l i f^ logioAl unit* vttbtn i t * fh« f i rs t 
tr«t#r«« was ifoottH ff«ii tti# iriiiiigt of Stmrm ttitoaiti 
080 isiiw oitst Of Baltii (tlotig tDe ptr««» outting upto 
tHo eonfl^oiioo of tli* two ttifeiiiio r i t ing firoa. A %t^U 
sm& A %mz mm^ettm^tf* fl^ o •eootii tr^oriio ««• ssado 
twmk ir i l l«io 8aai iipto A ifOSB ifMlo tlso tMiNt WIMI froB 
ttto Biiii»ia riiror •otttii-«o«t of #ririi to««v4o tlio ooatro of 
ttio Hollo tipto o point ronshisf liotwooa A 084 on^ A td i * 
fito fourtli tr«for»« woo «e<lo froa noor ShelEtifl towartfo tlso 
oostro of tHo dose to o point aliout % a i l * ooutli<woa6t of 
A li'Oda « flto f i f t l t emd %1m f inal tra<r«raO' «aa afMdo 
ffoa a poltit aliGut Z a l lot aoot of miaglorl upto lo i l a 
:rli^«r to • point Iwtvooa A 4S8 .aad A 392 «%ex« thO' rlirer 
takoa o •caiolrouloi' bead* 
m iii« h»B%M of ttit «l)9«'» triif«rtei'' i t tia» l»»eii 
tliagl 8 i i l « * III tli« Jltttro 4!0a«« ¥li« fiaggActftd seli^e, 
I I* V9.II '«• tiiitft. .iiven li^ Aituwttl (t&6t), ap:|)«af>« In 
ift diip|ci^l« liioadl^ Into 4 •u^ tor le i i naeseliTi 01 # ^ 
€111 mis. ana 0I?« f te Sitli««»rt«« € i «orttts»<»ni« to 
t<o«or HiitHi Soirios of A$rmA% (tdSf > trMIo €12 and e i l t 
oorro6|»oit# rouflilir to Mia<llo Hobo Serioft and CS? to 
^ppm B®^ Sorloo« fiio ituooo»»toii ft<o.ii iods t to 6 Is 
%m Bman ia- t^t two mhmmf Imt Bet f of Agif&vel 
oorret|»oiiap to Hode f and 8 of ttio jis^ooiit auttwr wtiilo 
m&»-e- fmH 0 of ^gt^ iwsi oorrootionil to fiO'ilo 9 aiiii fO of 
t'lio i^ rooent oiitl^r* l^rtiterf iot 10 of iirevol «&• 
•ti1>«»dlvi^ ett % tlio s»i%iieiit etxtiior Into four 1»0(9« ( i t to t4) 
OM litteologioal #oiiat<lof*mtloiiii «liil« Btdo l i ani t i of 
AgfAwal Imfo ^oo» uMtoll to fom So4 i<S» Botf i f of 
Aitrowai oowtopoitlta to fiodo SO to 34 of tho preteet antlior* 
f l i * iitli«»«ori«o pfOf>oi«a aito^ot tttouilt not of tito •oiio 
tiiietoooSf l>jroiuilr brtng out 4 •opontto «»d oloorly 
Oottarootod oiiiooaoa in tlio nwdiMoototioii liiotorr of ttio 
«¥•»• fliio 9oiiit ! • aisottBooa olooi^oro ia <lotf&il« 
Halio Poiiot fbt nolNi l i i l lo vort soppea liy B4S«foir«rl in 
194$ ooA tbo roattlto of tlio itnreotlgation vmrt ^ulilictooA 
§ i ait anatraet in i948 iMit uiiforttittatoly ttio gooloeloal 

* 22 
mop <»f %h» mvem mm not po1»li«tie« br lii»» »oir«irert M» 
nap vat mm^ «(r«ilel>l« to tut aiit!t«r tbiNiiigls li|« «iittrt0»9r» 
])itf4X«« f i« I4 woric l»3r tb« a»tluir hat tbown fliat tti« iiftf^  
wd# ae<niirittt end 'needed iK»'€0fV«iitl<m0« 
flie Ch&H miemBBtem in this doiR« «a« woy^ e^ l Qnt 'ti^ r 
the pmmn% mttmv mn %lm t»a«i« of tbe folloving trsr«ir«e«i 
i * Wmm INidiPitikatfck^  €1^ tsp4o t ^ #«ii%rft 
of tteo ^o»« J 
a» Froai fi i lat towftiNlii tttO'eenfro 
of tItO aoiM 
a» rx^m tlM oetitro of tit* doat to«&iNi« 
•otttlb of tli« li&tio liil'ls ufito wost 
of ^llEOAl 
4#. Wmm Hhrimg towat^ Hs tlto wwiitro of 
tise < i^Be 
S«^  ffwi: tlie eo»tf«. «f tito 4oia« towairao 
o&it of 4lilte«lil 
6* Fjro.». noutii of i«oa«l tonairAf tho oontfo^ 
.of tl»f Hoisio nortli of Be^ot, 
flio €toarl Striot In thtB KOKO atfo oeii %^ 4i^Mm6 Into 
four Sttli«ferl«i mem^ly Clf ISIIt CXtl a»d 0W (f«t»lo $)• 
flio foooiltforoos oengtoaoratlo liwoitooo (Bo« Ho* S«) 
conotitutoo ti l* base of SoltwteHeft €1 ^iH roota ovoi* 
lib* ftlaelc litttitoioio of tlui Pateltiua Bmwim witli no •Ign 
of ttiiietural aiiooiff$ciiio«« f h l * lowoot miliaiiPittoii le 
2011 foot in tMolOEioeo and io oirerlain 1^ a ta foot tMok 
oonglOMratio Hand vtiieli ia vorr foriistaiit atid fiaa boon 
tei£o& to fonB tbo t>afi« of @iiij«>8«rloa <:il» Iiittitfi,8u1i* 
Rorioo €IX to ovorlaln b|r a foaotliforo^ia ociislor.tratio 
in Balm doiM 
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m suftiAft iae 
€X i i tiiiit«t<iae i s 
24 foeeiliferecft 
ooiagleBerale %» 
f«|«itai: Blaali iitteetoae 
l|mift«ii« ««d vMeli oonfttttiitdt tli« lio«« of €111* fi i ls 
lH^^I<»i»nitte ti«#«toii« Is «0ir«rtd «;p ii t f«ef t t i$^ Daiid 
<»f terrtti«ii(m»t eoiier«tliitiiif!r elujr vhiuli pmmif0» t9pw%§mtB 
an ametent regolttli. fii« «oitgIi>)S4»rat&e ^eHi Along witli 
ttm met anal elufr «i»ir«rtiig:f itar&« a «aii]parattT#iy long 
pairlofi of nontfopofltloft ^A oorvoapoiida iat »fr«iiiii;^|ittie 
$»09fti«ii to tlio dS foot t M o l eoii|^086fati 1»i« (Bed Ho* ta) 
lit tlio 4lNt.ra 40110« 
Kftttol Sorioo 
Waggon (1878) ttaaod tfio gmup of rool^ o oif«rIrl»S tho 
eiiari SoiPteo at «*Ifttrot Sorloo* lioo;iai.«6 of m&%r oitoolloiit 
tfovolo^fflont in tlio Kottol PillOy ooiitii of fitoisjw. fliooi 
ipooteo m^ voli eisj^ oaoA erovtiid Jluira and Iial»o Aoeoa oait' a3.«o 
in th9 aroa t»ttwoon tlieoo Itoaoa attH tlio ottr of St»t|* " • 
^«ovor« at aovoral ptaoea ttw KatvoXa aro oo«ef«d with 
ttiiok oovor of tilown aeiill and ooj^ootpotitlr ttioir oittotoiia 
aro iiolatod and lirrogiflarliir dmirooelt* 
flto Cliari«»Sati«l iN»iifidaf|r in t l ^ atfidsr aroa tfoaorvoa 
•poeial aoatioii«, ffio ps*odosiin«ntlr oaloarootia iroolca of 
ttio {;iiari Sorleo in tlio aimard ooqaoaeo glira plaooy aliiost 
attnijitlri to tlko dostfiantlr arottaoaout rooko of ttm tatrol 
serioa%. fhia ottaiigo to gvoaa llttioios^ ia witlioiit au^ r 
traaattioii alttiottgh tboro ia no atrueturat dtaeordaaoa 
tiatwaaii ttio t»o Sartaa of rooks* What ia ntora iMportaat 
ia tliO foot ttiat at tlia baaa of tho Katfol Sarioa* 
wm* 2 
wmmmmm m m»mit m 
w^fimm'^tM mmt i t i^-«» .i^i»i^piit«lr 
mewtytmg tim *mmm odllt*** Ctii9««o»t stiliiiivttlon of tiM 
mmti. Seifi««>f ttmm oecmri m p«r(ii««ttnt lttf«F i>f t!e« 
hm&titie 9tw whH% t a r t * * in ltoi6tiito«s firoii 3 tn 20 
f«et in the <litftr«ii% piirt* of tli9 wr«« (PlftttlS, rtg* i h 
fhie iQsrtri vlitali 0a» be iraeell a l t otoiig tt i* aMiri«»Ko«t«l 
€0iitittt ^ontatut, iii I t s l«««tt pmrti lnr^k^ii fr^iieat« ef 
oolit«"« In itttii^fier pArff hnwm&r^ i t i t p i tol l t lo anA 
• iMI^It* fill tli« «liara«t«r0 of » ir«gfilltti foi«i«« diat to 
iong oomttntioll viiittiorlsi of niilloirlsfiiig rdekA* A» 
•^ttlonei oarliort tlif *&lii»p& iiiillt«** i« foimigeiidus iti 
jsaturt «tnd i t * I«aelilK^ ntKler ti^pii^st im$%€ eonHitlonfi 
a|}|)«iiifs to taovo l^ ooti roi9<>»*it»3io ^^ Of tlio fii.tiiatloii' of 
t l i i t iMinatttio fo«sil<<»«oil« 
fho «l)M»vo olitorvatioiia tii»r« tod tlio irrltor to 
eonelB^o tHot tbo Oiia3ri*»KQtrol oontaot tn the oroo to 
ti»oonfotiiai)lo oi»4 ttiot t^- Hemimms^lf eatenm^ttmm Eotrol 
fooleo voro I«i4 down on tlio woatliorod .tuffoeo of ttio 
Dhooo oolite* Ao wi l l be dieoueeoil eleewlieifet tliie 
eoaotiteioii i t also wuiiporteA hy ttie i^aiaeoearreat iiatteme 
aa« lieavy aineral aeeMilyiacea of ttie two •eriee of toe^e* 
Thie eonoiueioii i e In agroewent with tfie view of Be^aatli 
Ci93a| i^iS) who alio poetolated an miooiifoiniiity hetween 
Dhoaa oolite and Katfol $oiriee hut on different 
oon«ider«tioo6^ 
ffe« Km%mt $•¥!«• is m&dft up of « |ow»r •Hoi* 
«0»»fitttt« only a1»9ttt U9$ of ttio Kii«]rol ttiooeetioii 
Olid «ro fsrigatell and ttololf Icmlnotod* ftioy f o » 
tiio amfrov plat no mawmmMim ^^ S^wo, «»« SaDo 
6oeo«« anitotOBOii aliio oonttl^utt oboiit 26$l of tlit 
Kotirol •iiooo8f)ioii« f t i ^ oro forvoionoo* In aatiiirt 
onH i^oit mivMNlo into tino fnolilo oeiidetottoit w^ hiote 
oro wmeiegm%«.& in ooloor aiid ohow wippte6 Ifnatnoftooo 
o« woll oo mol l oeolo opooowHeddiiii* flio tof«o«$ 
S<^ of tho ouoooooioti io ooafM>oo41 of mrA noooiiro' 
foffif«igo»oo9 oimdetotioo of' iMidton to oooroo groio olee* 
fftor &m ofo#iN»bo0d«4| ifi|i{»lo m&mm& tm0 ohoir imrlii i i 
|l»i#otioii o» lio4<llfig pl^aoo*' 
'the Eotirol Sorioo lo oo«plot«lf 4ivolll of footilo 
in the #tol^ oroa Init towonflo nortli^ooot oiid aortMroot 
I t 10 fw^ortoA to lit fooolllfttoiio (Bojiiotli td40) 
BImJ Sovtoi 
ftio oasie *I)lntJ Sorioo" woo pfonoooA 1^ nojootli 
(less) for tHo plant l»o«rloi ro«^o oeooritii mhmm ttio 
Kotirot Sertoo In e»<l aaronntf BtmJ* In tiko sap poHiotiod 
by 111* (Kojnatiit 1033) a irlHo at rip of tlio aroa In vootom 
and oontral Kkitoli la obonn to 1>o oeoupl«« hf roefeo of th l t 
OOfiO§« 
8f 
f M Btni| S«fle» i» m»&B tip 0f iiuttt«»oo3otir»<t 
»a»a«i«nes otid atielca vi l l i doocuiioniil ii^0reitlat«d 
« l i ^ t>aiidft» $iaiAstoiie« fota ii«iirl|r fOU of tiie 
•«ti<li«i •equeae* and eielillilt iroirted Htxtural and 
p9treiriifbl« «ti«if»0t«ifi« flit noiit trpiiSAl w»w%9tf 
of tit* Sliiij •fuidatoiie ! • ' imovMipiiit^  tn ^oloort ^o***" 
vtiot.Kietitooii* and frtsikt* %nt ioao v^rltios mm 
ptmiBh liroim due to tm siroMAeo of foffiigoiioaa 
«Q$«rla|» soiietiii«» ttot vMt t and Drotm. •ar iet lot 
ar i eO' tliln&F IntoroalAtod ttiat tlio|f gtv« an. appaaraiioo 
of a finolr temtmmt^^ mek» 4t oone looalit ioif ttio 
•s^datoiio is grittF Mtd gradoo mutarUa lato. a fiDO' 
iraiitad aoiiilatocia follovod 1»f aiuiilir a^aloa ani fio]ii.a|.. 
•lialaf«_ A **fiii|fig«>tt|^ ** er<i&*' ! • tliaa diaeottt.aiita* 
ftoa altalo a^tid olaf tum^m in ttio Bliii.| Sar&oa saka 
ttp' alkOttt 30^ of tlia -aa i^ioiioa in f l « araa. THa •hal.aa 
ara of imtterooa ooloori tnoli aa |ratlo«« liirownt ^^^9 t^3^ 
and 1ilaolE« fhar ^^^ ttiiiM>eadod air^  alirai^s grada 
dowtnropSa into ailtir aantfatonaft* 
Friaaty affiiotiiraat aaolt aa oroaawliaddiiigt rippla 
aatlca of aiffarattt kiiida and parting iinaatloiig oeoor 
«^ntfaotlsr in tua roaka of Blm| Sariaa* ftiair ayatasatle 
daaoriptioai saaotiranant aaA aignifioanea ia daalt^ vitli 
aiaaiHiara* 
A i<<«9iaw of %h9 litaratttf* iliova tiiat oplniona 
4iiitw h0th ia x«ffird-t« %fm ag« of %tm IKIsuJ S«ri6» 0114 
Wfmm (lfi$9) ^ i oiatiaii (1609) «»ctgiiea ttie ti»eic» 
eecitttltii in tfet neliUbonilioo^ of i lmj to ttia ii|>i»«i*»fliof»t 
|»ttn of tiMI' ^orOIIOiOt WOi^tll ( 4 0 t 0 ) t »llO gjKVO ttlO t i « 0 
.I^ QOuroft fout^fOl€ otoooifioatioii: of 'tuo Sotoli ^uroisloOf 
ploood tlioM fooko lit tuo top of Mo Vm%&, io»ioo (»asiod 
of tor tiio irlllego of Vmi» in iiortte«iio»t icotott) ona.oosiipiod 
%tmm to tlio fitlioB. sfoup (Uppot ^ii«*oMte)« 
0tllliiiii Ct893) oiiA Vfo^nlitri ( I t i&iy howoirori 
ostipaod to tlioio footo o t^ owor 0rotooooita ago aslt 
fioooii tUofli. in tho oppor p i ^ of tbo Voio iorioOf «^lto 
apotii it§03)i tiioti'itt imt&inim ttto» in tuo mio sorioof 
pioo@<i flioii io' tlio Titboii fifoiip (Uppor jFtiroooio)* 
gojimtli Cl03% 1943)I oa tlio liooit of «otiiit«« 
f i t i d ond polooontologiool Isivootigotioooi ooaoiiiaeA 
ttkot t l» tmo Uala roeko of 0ppor iTurooslo o«« iN»iHi 
rtotriotoA la t to i r oorial diotriliatioa oaljr to tHo 
aortli«>«i^ ot part of Kotoli ood that tho roeko oooufing ta 
ttio aoighOounbooiH of Bliti|| aa<l liitliorto eoaoiHei^A at 
^tongiaf to tlio tiaia Sorioif aotuallir «ox^ of llianio 
Cfotaooooo agOf Bo groupod tiMMi iatOf oliat lio ealtotfi 
tlio ^Bhm$ Sorloa*** fo aoooiiat for tlio groat dlfforoaoo 
ia ago botwooB ttio roeko of lilo Bliul Sorloo aad tlio 
tindorl^iag itetrolo aMoh hio rogrouping t«iroiirog» lio 
poatutatod am aaeoaforaity 1>ot«oo» tita t»e^ 
(HiM|« Cre$eeeeus> i» S^tolii Init •»«• ne mititioii atmot 
t^«lr itograpliiis^t dittillmtloti and t t i» nel 90««ltol« 
to flnft mit froM ttmir dttisi^t^tlimii «• to «iii«li {i«t*tioiilar 
'"s«ft««« tiM.. r6<dii fin«i0i' Iiw0«tiestlott I}«l«iig« fb i f also 
a«l»i'-iid'«o»ti'0'ii-Qtmut'tlli) «a^ ~it~iNate« of an uneotifomlt|^ 
liftitoeti tlio Btm$ Sorie* and i^atrol S«r|.o» In ttm nalghlNttti** 
l»»od of SIniJ* 
i^ oddar (i96@^t on tiio ottkor Itasdf oonaidorod iiotli 
ta la and atouj Seriot to %elo.ng to tlio €rotaoooo.O'ag«'# 
f i^lor and Patliift Ci9d0f p» iS l^f folloving Eajnatli 
(A@3i|^ tweopittffod tliO' «iet.itanoe of ttio Wm$ Sertoli tn 
oaoto^ nn and oontral' Hntoli Imt ooitelkow assigned'an tipper 
^nroiaie age to tlie invar part' of Wtm$ Serlaa* 'ftettVt 
\ty lB|}llo»tion» tttor did not reeogntao mty nnoonfoMltr 
botveen tlie BboJ Serl«» and tim onderlrini Katrol Serlo«« 
St l a aeon fros tbe foroioing fifVlav of tlia 
lltaratura tiiat tlio roeka ooourini aronnd 81in| are of 
ooatroraralal atratlgrapMo poeltion* fbo entire 
protilev oentreo round tlie fact vlietlier or not tlie 
Jtinetlon t>et«een tuen and tbe Katrot la unoonforHatile* 
I f tbe fower eovea out to lie truof ttie BtmJ Serlee la 
l ikely to be of Cretaeeona age vlille I f tbe latter la 
t m t i tben atloaat ib« baaal part of tbeae roelia abould 
be of ripper tluraealo aga* 
• 3 0 •••*» 
It mm p0>mam.ly for tni* i««ti»a th&t m •«A|tt«iito«> 
logioal 0tu^ 0f the roeliv mmrimg in tli« victtttty of 
ilmj «&• tiielude^ In t ie pi^ e^fit tti¥«»tlgiit&(»]| altlietig!i 
tim pti^a%m wmek9W m&B inlly mmt» of %m faoi tiiat. -
mont of tlii •airllftr Itiveitiga'ioro eonttd^Vi^ a tlteii« to 
bttong to tito Cirotooooii* ago# ' It ««s f t l t tti«t « 
liotttit«4 9iil«ooimrro'ftt imiilyot* of thi i|m.| Sorioo miA^  
tliftif* %emy ntnorat'fiiid otiier potrograpliie -otiaroetoriotloOf 
emM pipovo liolp'f^i tn l»oiy|iig w^ottior or oot an mste^^ 
ooiifoiiitif «xlotod lotvoos tHeii' anil tlie unGBttytnti' 
Katfol' Seriooi? 
CSIAlPfiil III 
In. tti« SmM$lm inx^s of < ^ i r ^ 3^teii ii»i timit «*«# 
l»« pwm9& uMiiul In, iiiid»rit«iiM«g ttw jioUt of gt'gp»i»>.i!i_ 
f»f tfa« m^mmtaxtB 't»€ «!«» ib t «iiirtgt»iH»si}t« «if <d«p9«ttt^« 
for til*' pi'X^i«. 0t :|}«foirli»tii)iMt tlw.i#. *ttiii«tttf»». «»•-.' -
*0«e#»diir|f*« flit ^rlsaty #t.ni.cftti.i»« «irt tho«« wmt^ 
|i»r« f4»ra#A'«$ ills naaii' t i«« «• tli« i«0itt«»t «i}:<t^  tti«refor«t 
eontrollfti l^ r^ tlit »aii* eoiriKtiften'* imilQir nftildlt t M •noldKini 
nmtmwm^nt of a#|»iit.|-ttoti« Iti mntwmBtf tti# •eoondtuT 
orgMiio eUmg99 taking, plaoo witfeitt iliO' l»«ftiti« 
Anotig tiro OIMM^KF Hir^etloiiit ityo«itttfot| «VIOINM» 
boAdIng l« tteo «»•% tiiportiiot h^emm I t tflrootly iodl* 
eftfiiff tilt iifoottoQ of todtsoitt trttnnport imd ulto 
rfift;>«to tho ii|nlf«>^|^inilo ooiUlltlono attoo^Sng ^po»lti«n£ 
AooofiUim to Pottor MOA Fottijoitn (lIMrSf i»« 60) 
• $$ 
ai»aiii|j^ o%.tti4 ;^ (OttoI i^ sep f« SfS) mm9i9%img of 
|gilil!i#„.i.^llfit.pifffilWi.ilftiiP^ 
t^KO' tfpo* of «ito.ii«»l>o«ltl«g ofw' ofeooffoi its ilio' s^ olfo 
of fisi' mim»^ mm%f ptmmw Ctto i^i; ^ # Woirt i d i i | i^ « i i $ ) 
i^tit foflooiEi %fm- CiteLi^f I t ^ t f« 'iiK ttt tfeo fomor 
fy^Of tit* foTOtif h^M mm ttmmlmit^ fofolr mtm*A9 m$ 
Mifor %ooo)io. timgiiitlol to ttio oitdoflri-ni ot.ir«t« tfltllo 
in tilt lAttor tiior mm- IkmrntaHAf eamm€ mA tm boool 
%ms^m% %w toxfiont-l^ to ttio itn^orlFlftf b«4#« fiif 
fo.inior tr90 lo •OIMI: otoaadoat ttusi tim tuttor* 
iiP»#f»i»«a0iiK»i iioo «ot iioon otioofvod In. t l ^ ^otoiimi' 
yooko* fti&o «ii^ ' IM' l>to«oto tttoio roolco 'Oro Mtfl«itor|t»f 
onii: woro Hoj^ ooitoiS. in #(Mi^«nit.l¥olr o«l« v^toro tlnxo 
]^ y«eiti4io« tuo foooiMIttr of tlio fotsAtlon of tfilo 
•tf^otoftt I f 0110111'%' tmnmm-i iio notoH titot only ttio. 
toi^ w»ot f«« foot of tlioto footrii mm oi^iioti In tlio oot^ o 
of tlio I^furo «n4 MI^HI iNmoo rnn^^ ttmmtomf tm go»ot«lt«<* 
ootloB to tbio togwra ooit too IMIIO on ttto Hooio of tlio 
j^ rooont otttltf • 
t^mmmtmMiiam Soolot n§* 9 oliovo tlio tmm^W 
dtotrilM»tioii of oyoot«»toodlU«i ibtokoooooi In tihmpi^ Kotfol 
osHt B!s^ | $*rifm& In oil tlm oiiooo ttio vo^ o ttoo to- tlio 
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BHUJ SERIES 
n = 865 
X .- 6.6 
S = ?J 
0 4 6 12 16 2 0 24 
THICKNESS IN INCHES 
FIG. 3:- HISTOGRAMS SHOWING FREQUENCY DISTRIBUTION OF 
CROSS-BEDDING THICKNESS OF CHAR!, KATROL 
AND BHUJ SERIES 
m^mmu i m$ i AnilNei i»r« tut. wn^ vi ^iiMi»» In ttui^ . 
m&wi t««t«» SS«i p«r ««sf ot tti« er»«iHti«<l» l i t !» 
tbt iiod«t el@ii« vtii lt t£i« eonmtjpottiing f&gniNit f<ir 
tH* ««tft»| ana itKtJ e«rJt«» ««• $t«4 p«ir #etit ima 4$tA 
ii«r &»n% tmtipmtimlf.* i*»nti«rp I t t» #l»i«t7«a that 
Ivtlir imn 4 to 10 laotint tM«^« f t mmf ^ oosdlwlNid 
itist til® #if«»»«t>e#» In.' tile mitemmt in>©lc #»i^#« 'ftiH!#i<W' 
mm m»mmmM imd fliot ttm • tatt«r ef tii« &mm i^ Nsmt 
tut; isfMi. I * ffifbtr m^tm 
Ift iH»«att ftkv illHKit^ mt0k-^ «fii.oti tte* ^yiitiMOtt'ddltif ieimmf^ 
pt:mm' mmm»- vliti' tib« tf«i« 1i««$<liiii fl«»«» l.t''lii '•».. 
im ttl:i« atpeot of 9tlldy i « Cl<ir|m i l l f#t |«l f « ^ F(itt||f»t»i: 
(iMd» P* «3»i9)* A«e«r«iiig to Potter aiHi fottl|oliti 
imm$ W* t9 ) i •*f%etoii« tiuH offoot sBilt of ii|> of 
forooot l»«di itioliiiiof triuiator toxtii.i^: ««*, of tlio •otorltil 
Cimii SntlEiilowt t94SK «o»ditioiio of f|o« iStfptin$§ I00(^ « 
ii« tia»tlHl)t poooiiiy tiw ofont or onvifoiaioxit of ^oi^ooltloii 
(^Ko«t itl6f«f p« tdl) Jiafi poiit*d«pooitiimsl a»fois«tlosfi 
84 *»• 
tl|.«. e«rir##i«# foiwiMt i.tieiiiiMi#tt.8 w»wf timit i to 40 
id»gm%9 iH$0 4 A) iiitii. «f«' inf'itrli iMr ^tf«ot«4 fiwftray 
tat el««rl3r i»tiKi4c4^  uttfe tim pMmm^ W0$% l#«iit*4 £« tiMi' 
1$ t# ao atgir^ .<sla#9 m0. tlm^ immmMww m09 I n tli« "411 i # 
m ^§mw «:|iicft«.. mwmmw-$ I f fit*' nWw^ 4cit# mm vi«ir#tf 
I n xwt#tlQti to tiMi oir«riill •ii^^olttro - of tb9-#liiir«'«6# 
RtfNi tfoaHi.«y i f t r i t i 'te# jpe«<til3r oDiem t^bitl tlHi fwotmio «f 
fofoooi' ^ p tmtt Mwm^ty ff*ol«(lo4 to tlio •t . fueti ir i l t i l t 
of tb i ottvift tn «liioli tiiof o«^r«t 
In otnor to itit&iitttDtietto ttoo iii^irt oonoliioloiif 
#ifOftOM%»o#9 oo^M«i. fto tliO' Moxtlioin nod iK>titih«f» flfiiili* 
of tiw: lionoo voifo^  oo^ttrotolr MtMtlyoei ( f i i « * 41i ^oiii 4'4i)« 
Xt to ootifod tli&t toi'f%or foiroftot dl-p mt$t»w oooii-r olottg t^o 
mortlioiiB.' flaidro of th4' ^littrti tmH HalMi' ilOiwO' wttot'O ttio 
ovoroco •tuxotofot Mp o f ' t ^ ttifotA I * oxtioiid ao aegtvot 
towortfo nortfe «tii4E vHoiro t ^ cyoMMiodo ^ipit Uro #)^ {>ooo<l 
to tbt otrootorikl Mp of ttw •trot** On tlio otlior ttonif 
loir iHteliiifttiono iiro oooouiitoiroA ftioag tfto oout^oni 
fontly 4&p9tiii lliibo of tho 4o»oo otter* ttio oforftgo Mp 
of %o4o i t otwot 16 dofrooo tovordo ooutti «i4 tho foiro«» 
ooto di|> in tb* toao airootloiit fbt* ofti^r oloorly 
oe»fii»» tbo osBOtBOiim* oorllor tooolioa t>y P«lioti«f 
(SOeep 9# t>04t) tfiot "tho inoliiifttloti io A inmiim of 
CD tiio iKiooiit of folding or t i i t i t i i of tiio ^aaing 
pw0p%Wt Mid ( i i ^ tbo rolntioiiiliip l^ ttooon tlMi eriofitotloii 
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f l i i «ffa«t n f f o i a t ^ on ttm mmnnt of f«r««*t 
Alps ef «]nit««li«d» liAi |}««ii iy|i}illl#d %w ^• tHl jolui |l9Stl»| 
t i g * a) iiDd itff#lbiit«d tii» t t i i t i i i ^ i n i mm fwdttotloii ^ f 
&n tl$« 'ooirfbtim f l«a i t i of t.fo« i«0 ^m»» ttm^ mwamm^*^ 
' i l ip* t f t «?p0««d to tttf' i t f i i i i t i i r« t t ip: nMoti i t Qi i i i t 
t i igl i i t^«i2l:tlDg i.tt: t i t * of«F»t««ii«iitiii o f ttie f d r *M t« 
' ^« to «lMiiii' vD l I t on t ^ iio«tliiix». f&a»IC9 tl i* ' i»-m»e%^ 
Mm mm in ttm •«»• lttr»o%|oii'~a« t h * ti{» of tti#.%tat m 
i l l ^iKmiit#; f i i ^ ^ « i Alioir* •:#iimi«|t#<iltf' th« of fset of 
mm&it ott fofi»«tt InolifiotiOKio m tlMi live ti«i1b» of tMi 
f i i i i f tn^of ie^ #i«tf i fef i t ion o f i l t t oonroetoA 
foirooot tneliBAtiott. tti. I ^ t iw l $•»!#• ! • ttioim ti$ f i g * 8«« 
Dal* viioii i b« i «ti» noiio l i «« t n m to t9 ^ogiroo olos* ani 
ovor 60 ^ r cwnt of tim eroo««%o«s * t« inel i i iod bofvt i i i 
t9 to 30 aogt««**; th9 «f«xwi« forotot isit l i i iotSoii i * 
80#4 t«if««o% Al t forooot i ar t l l l t *oto# tovarao tko #ip 
airvot lon of ttm onolooliis A t f i t f t i t t iat lOf tovaiNlo nortti* 
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KATBOL Se^lES. Cl^ 
OF BEOS-S 'TO 30, 
OBSfR VA7I0NS - izS 4 
AViWACE- 20.<f 
5 I© 15 20 2S 30 35 
( b > 8HUJ SERIES. DIP OF 
BEDS-5 TO 2 0 . 
OBSERVATIONS- 665 
AVERAGE- 17* 
nCS!-HISTOGRAMS SHOWtMt; COMPOSITE FREaUENCY 
DISTRtBUTIOI^ OF CROSS-BEDDING \\\CUW 
( a ) F0«#A^ROi ' ^ ( ^ S ( b ) FOR BHUJ SERlEf 
in. %m '19 t« 'S(0 ^fif«# «!»•# «fii tMi«irI|r 90 {^ «^  .^ ^ut nf' 
tlm' tutlftpiilosif l i # 'VltlitB t0 00gv««t to 30 <IUifir«if«« 
•flm «r«ires« enil« #f efii»iM>«<l ifK!lltt«t|<>ii i i f t -dtiire* 
iMti lilies i>ifiieei(i*# whtr* ftift «rfif!»*/b«At oei^ .ir mi 11 -
«ol.|«iirr ##%« f ^ utitiir « i^ t» «hi«)i th-it ctfixdttiri' $• 
pt»^mA %m r@}«t«iS to slii>attoii: of %m§m •iral* i*tpf|o«# 
in »mh «««••«. *frtiii|)«i^ • • l » * ot of«>«»*i»od# ooeiti' ii>'« 
'V«ir$loii& M^ine** A r«fi«« of %l» lifor^ltttw on tiso 
or l i i i i of nmBi^^Mim iMi<Mit«« tlml &«>«#. «»yiE«ro niroo.' 
tiiiit t.ro»t«i}od» •rtfiaftlo • • % imm%% of tHi' ttisrittiott of 
<»fi«fii toiiaiFMroii* Cvtln i^lot I 9 i f i 9* is)« ^ogMrftf^loii* 
(itoeliort i t t 9 | 9« tSt^t *i^|«io«ii lii^o sKn^narw* (^^lotiliofolt 
i9i$f $tf44M\f "|»rr«eo»lilt* Doaios of iromtloar ••^a«»A#' 
CS!tro«ic» I94$i !»• UM) mm ttio *tnai«?«r»o %mm^ {Bime^m* 
flio ori f i i i of til* «ifO«iMI«d9 in t t^ •ttitff oiroa teos 
not appoiir to l»o rol«to<! to <k»lt« 1MISI<H»S prooocfos tioeauso 
ao AaBsr oo six «l«ilar ooto of l«rfo soiklt Ofo«»«otratifl-
catioa oe^r in • vottiool io^onoo* furthort ttiort f • 
•€i»l« ripples lis Ih* @hiwi 8»rl«» im«r» ••3«»««rl««l 
ii^.|tpl« mmifk» «t«lt. ««iNi |«iii$tit irai^«g §mm M t9 4 i 
€l«v«loi^ ««»t ef ®voft«*l»«i@4isis <>» ttt«lr l«v mtm^t,, 
Im^m.m Ixi tlMi Katinl «iii I ^ J Strl«i« Hef«irttkl«si %lm 
liieliiii mill, d»# Iffc^ lMiA tft«p«#il'f#l.|r .«»« «^ «tMi.^  v.|ilii»« tsam 
«Qi(l»«Yi^l« vit'it iitt «r»riii# ttiteitiHi«i' f'filis« <if i lotiicv 
m tfti* C^MTl S*i(l««« I t a|i]E»« t^ e^«| l l | « I f tHi l t te 
#y»ti»«%il|0ltn(i «f tilt'. «f«fii; ! • i%t.#|«N! to^  ttm iiiiifiiflwii 
. ,.^ .. Aceomitti t# fd«t«r unit Ptttl^otoii ( id i i f f« i f ) 
tilt i^trlodi« or tl^rtlwle iiii«itlittloii» tliftt oo^nr on titt 
iMitftiini plttiio aro rcfdrrtil to M ri{^ {»^ lo MuHtt* ^i^plo 
isiKric« oocntr eo«»oiilr lit (»ll ttoo taeiaitoii* li»ft» of tti« 
M*«ii Afl m i l «• In toiio of tlio oay)»ofliilo 1»e<$v of tlit 
Oiarl Sorioo* 
ftoo voriotio kln<!« of ripplo luifict oooorlug In tlio 
mmm of iDtottifotlon mm •jnmotrl.it^oli ai^i«ietrl«4il ntA 
latorforoiieo tfpoVf Tlio tjniiMottiQti nppliit aro 
oliar«otox1lt#« hf syMiiOtrlooI oloiNt* oa ottlior •!«# of tlio 
immmnf iHtpl* '•«*%•» fi#!}4»inr .f^etioiitttAr .liii:...p|aii luii 
r i i^t ' anil fit' r«««tititi$ in. tiM' fO'tiioti^: nf 'puiriQiMi ' 
f l i t * 
in t.l»# ls«Mil piirt of %m ^mti S t r l t t tn ttMi 
4imw% ^mt ^mymmtft^Bl Hpptw'mtiSiiM with • 9W9 
%m^%h i»f tB t0 $6 iii«t(«« mMk^  ^inpiitiidt itm is«f to 4 
.i««ii»i mm #^ipi>iiiy •#•». iit: HeA Ho* i i (6oia«» oottf*'). 
Ci^left. t f i^i« is)*' A f«f|r «iiMWfittn«tte ttattsttt of 
t i««* y t f f t t t i l l tfittt tli«tF %09*»mmT^ 9%^m mm ewmtm* 
t.iHKiii«l«d.» flm tflp' #tiiiit$% #t iitioti iiiit>t«»ta»l»ftfieit:* 
i t |>«i|)«iiaieiilfir' to tibt rippio tadt* iiit||.«-r Mifinittrleal 
il9S»l«t witii ««•» lengtlit of^  4 t«: 9 lni^«« wmiS. WRpittit^tf 
of t*# to ll»ff inofe: t t« oliio o!ii««v«# In ttio iiattlirt mmS/" 
•toao |»tAo« xwlorforoxicto i^i^fleo imrt tiMMoti ixi ttio i i | l t» 
•tofitt vltilo tlio omifttrliwSi. 3ri|>l«fi t to aoro' OOHAOII In. 
t i l * fi]i««ir*litotf •ait<l«|oftt» flio ««ro l«ttitli of ttw 
isntnotrioiki trl^plof y»rio« fvos S to 4 Ineliofl mm %h» 
iMi{»lStittft froii 0«4 to 0«6 iiiQttf fbo rippim mtrfooo I * 
ofttii f«tli of Niiiftriiliic* nmuh tt«v« boon f i t loa tottor 
viti i «i||i|i«e«out Sutton m tfeo forfneoooti* ct i to of 
Siii»-iitrioc ^Sll ifi Hiibo AoiMi, «tofoflpp|«o Ciroii itr««t«ii»t9Si 
vitlb'. • wm* lm)0t%^ of' 4t im&imn mM is»pllttt4« of $ tneD«i 
#t# i«t#ii* f ^ i r let 9ia«» iifie tttVAriiOily m*99*>h&ii6mAg 
ImilMia i^si3€ iaipllt«i;K«t ffoai. O'#0 to S«# iBo^tf. urt <jM»(ifi« 
flftliiS«Mtiii6iil 'luturtnet aii# to' acivttig. «iit«r or otr* 
ilofiHiotirtool. irlp|ilo«.«ro i>vo^ttoeiS.#itlior w tollo<» or 
ttfttooii*. '.ottrroitttt «bit« ipMitr todi i^ p|»l.«s 'tots. %ir tiio 
oi t l l lat ie i i of «oi«t CKi«i^#|' t^tf)*; lUppto ii«rleo1>«r«^ 
lN»ott rop>ri«# tmm i4ii0it oH- oiititoaiioiito litit r«I»tl«#tF 
fllMttlon vfttorft' mtett: «• o^r'l>#iieB«»f ostttftriotf Miroro fi«^ 
loicos mm tm 'MOot' fecvonroDUo tooolot' for tf^otr fotsotic^ti. 
(XAnil&o, tetf I IK)KoO| t@8fI frofotlmii ima mw^ t9#0f ilitl«a| 
I96ii^>. ttoiorlps^loit oriitmito fro» tlio gmltoatl ftdditii^ 
of f M t ttovlni Mftllor rli^i^le* ^ o r t l i i torior onto untlt 
tlto mfB%9 ooinotdo^^ In thim iiftiiiiorf ttio innro lonstli Ao 
gra^iA^r iRkOYomvoft ro«iilt|iQi in itio foiii«tioii of ripiiloft 
Of Iniiff dineiMiioiMil 
tort i t i i ttnoatloii 
«l»«rti»i llxiootio»« |<;!tt»wotlt t^m', 1>» t3S?> «l«o 
laioiqi 09 wfriworr <mrro»t tlttoalioii* (ClooOf tOdSi p* 0$8| 
FIG, I 
fxaa 
m^tmmmm m mm^ mm 
' iRiXf iovi' ¥«It»t 'Unit wmm^mw •iiraiiii^ i*^ 
iii'^' |at» m^ lit |piiifi» «iiiftt: »' mm: imm 
A6t« i^ fent tii.i« stiitctuifw ««t pm^nmii. •mmmi^Kim^taitf %f 
mimy m» ^mfif M i@4@^  iM9«Wt. i to i f . p* t@t) nM 9«fvrrta-
t9 i t a», *'imfii.tisi i». t i l t tim «f t M 'imiifwitt'** 
fi9f$iai lli^iiitioa i»%m* $§ 9i-§9; l l i f tften i««eii oit' -
S*ifl»f ill: tb*' iotw <if »lt«f«}atl»i #|«iii«t«fi f la t lurtikirf';: 
aatf. fttfgea: # t iii»t|«iftl mtHM* ' 1f»« swiditoiitt i)» irM«li 
and do .net #l<i» «r««Mit<liti}i. or .itpfl# aftaltf«. 8»«eft»«iir« 
Ii«il4tnt ^liHt#« vltlklo * si&ilf |#«iilttF 9^^' t t t i * f«ittuni« 
iti tlif B:*%IN»'I IHB<I 9I111J •fiiiiito««.ii i^  tymiffttioii oaot t># 
tf«o«fl iwmt mttnlt- teAt* r&pplta tturoiisM tiirg# ttelo ri^pl«« 
•X14 i»iroiM>#0dt8i to p«nitig Iin#9tiofi tii « irortlottl 
MQtioaeOf tint' in t in Ctnuri. •andftoiift t l i i * fo&turt ^iif mot 
flM oftgtn #f p«rtliii lltH»«tioii is not oloDtr&r un««iN» 
otooft* SoiHiP (iOOSt 9* ie0) aosonttimtoa oiq|i|i)ri»«atolljp 
thot th« lt»oiit|oii toiMOll ot flow tntonoitioii tiotit lovor 
tm& Hlgbor thou tiit tutonoitr rang* vlttiift wliloti mol l ' 
•oolo ofiiMMtriool ti$>f»lo« mum toiwod* iio%%s'ii94?. 
f« M ) oaifootolt tfiot tliio otftiettiro woo #i!iiri^tortotio 
of olMilow irotoro M»vliii vrltli aodoroto iroloottf* 
*• ^l» 
%ot fir*« 0f ii»J«r ta^»il«n0»# ]i0iMtlP«ir| f l i l i eoiiditsiiiiiii 
van mrttieiiMi l»f Dmlpialil (i l^S) «lio «0tt&lit<s«t $%fg| 
of tills iitiitotiif»* M%*n iim$^)^m%n0L^ tttet p«K%%m 
lln&Btkf^n warn f^wm^ im4m_m_,mp»m^f%0» W9§iwm--m»%-m ' 
•-etmm^%M»- • ^ ^ ' • • ' - ' 
' UOBH&n^ 'ftsul ir#«litl (I96S)' net*ll- » «l'l«liii«t. pmral* 
grolp. f«l>lr|.e .maH p^ i^rliipii limeaili)!! Iiiiil Am <iuSdltt«tt 
iOiO):tv s.tiitl.ar ttfurkifiiV «0e«:r 'CHI ttos itii«tf«ttt€iic« «t 
mm 
flit; gp»9t«: ««»t» mm- 'idiHii • mgtMm%m m m- Mt^, imt 
t i# # imelMi* «ip' littf*'' i n iiii^iii» Wmw ^am- mmm«m%w • 
im^mgm. t^^ mmtt #f I^ ^HI mm- •^utiMiiiii* • i i ^tmrnt- ^MI 
i » At i^m^nr iip»»: MMit; H. jgy* ilt ittl mm mi3m.99 
tffti^ awtf 'fli^ ': mm% Wtw ai«« ti» i#i«iip«t'« fi^wlltil 1m' 
-mt- MmmM^m "9$ im^mmt- iaNHMiiMft C i^^ Miit-t i9i®-i 
Altitfttiit n&Mift #f M^»%»» Mwli « • itl««l 9m^i!m»^B%mmm 
im^mikt St^l't t^ Mi' tf^Mi' Citmnttl* It^l ' t imitt I f i ^ i 
i^tt^. ^ .^i^ #» iMi mwm^ •viinmNt i s •«ii.lftM«- m» mma^m 
t l^iW: ilii»^ . 4iii»'8iii#iiV' mi tilt iffoovtft aiii t i^ mmMmim %M 
tm0&im wmimm t o i g t i i * thAt l» «II pfei^iOfetttrt tut 
^i^liioi # i «0«ri« «otii .piMrli«%«*' mmr %hm m»i% 'i.tiH** 
pm%kB nf tilt iP i^E^ iitd %mim9^i^ -w%m- MMi^mnt tn i t^st* 
t» i$ijt *zapfehwulsteEc« (flil«l:lilit ttSHf l»«. !•«), 
*»Si<miw««i*^  (Xingiiiii t9«A)» *ir<>ifti^  ^a&t* CWAed ana i» i t l i | 

' mm tMImm mm- fftittr •^ rcKLgttt int^ iMni* 
.l»ui:t iMiflk: 4if fur s^wr*. «k«ttt mm fmt^i»m 
' * f l i i t i i i i » W9W9 mm»itm^ out of i»INi-irat«ll' «Rt0 %f imwttf 
«f ro» i ^^tim»t «»iTrli ig i6»e «• ^ <»tttts4i iigtiit*^* 
f l i i t « «««!• oenor #tt $%• «if^frpl4# t f / t l i t 
.i«iili.iit^ti« li«d« # f fCfitS'^ s t j r i t tg irtiff^ i i i t f t^.it. a»; 
»ti»|.» iail$«« f l i i p •t.tmi't^ttf tiii9»fii 9mmtt mim$ 
f t i » t )« tti$ f l n t t t mm • I rc i i i l i t .asH- fliDv « wmmi»M§ 
f i t i t t t«:*t» 0dtitii.it' II tm$ mmHtm Mi l i i l i i i i i tF t l t i t t f 
imttib oftim, liinrt tiriii$«4 Uta^Ct f l t f t«« tin f t i * •«!»• 
ii9l« mm ttpproxitiii«#ij of «<iii«l •!»«' miM mm t ^ i i i i * ^ . 
mm 4»r ! # • • '^««iili«i ti>' Anfili: «itiMir« f l i t l^ntl^it # f tHA 
flMt«« Varies f f« i i 8 te # tiiiilk«#« 1 % ^ iimv n i i l l a f « r« | 
f l i i otHir %ri^* ^ t f l a t * 0«ftt iP la i« « | ^tgt 3) 
i i 9it» v l i t f f tlt# fSttt«« MPi «l<»0«lf •pAiidd end I r r tg t i l i i r * 
Mem nnU «Mit« ef t*n likif (t#{ll»)t tti* «rii}«» UB0 cm&t* 
tlmm m%- im$ ««i^» iwm' t i t ii«il#l»i» It ! • iKii«i,bl* 
• t i l l . | » * |M«l«|»«»ii:»(i.|t#att6 i t t t ^ . St' M g i t t t t i Hsr 
9*l|«tl ' ( i f i ^ l l : f i ^ « •lf»4;ili»:«t i^MtTi tli«ritf<>«<•'« l i t ; 
f l i t i « f i i «lf«i.(i^  #ftiit* '««• #«l'tk«4 l»r StitmiHi' Ci09if"^ 
Ibnttfii Msirfiie* of Satirol •aoastiiii* i^eit t tmt «ir«rl&« 
ii|i«lcfti Ba^h iifid«f^ttt]rf«^» «m^ f u l l t f »loit£«t«itt 
'"^_F1«« JL 
IMMI' imwtmig nm^it- # t Mta«M»t«: AMI* 
i^ 4i» t i^ ilawl. t s ^ l wmm ««•$ on ' t i * itiia#fiitr^i^» 
'fe««tt « iNi«m» f t i f« an ^^ t^ - IliNlir' «f 1 ^ 
MittMil* fbii •^•oliiftti t « irtMmt i' l i ^ i «9 ' 
* 40 
uriatof Art MiiMriittii .|s!«ii ^tm mmtmw w »wmm t^mm* 
l0ii«r l^ lir»«4» 0f fi. item •«»%: OMMQ l»ti> pliMitl«. •»« «lil«1i 
mK$immi»& tti# 'iri'tit' t^ et^  tlieto •tie^tttjire* "wtf^  i trt lo^Ai 
'«si t l « Bm^Mm€ l»ti»i^0t« ^ t^iixif^ l^i ttitfiimi #f l i ^ t f l . « i 
"irininl&i? it<&f»li:lr@ «lyit«tt}|^» im. m. t iAt 1»P|t<Ni intipfa^.# 
i^ 0OQVllltti to rotltx- mm rettljoloi (i9t3» f t t#f|» 
loud «iuit« •!<» net ItKHentti^* of «tir p«e»lt«i* •ttvit^nii* 
Mttt lam tl!# milr fiM^or tlmt e^atfols t l i i i r f<ii»at|oii 
i« tUt 4t9po0ttio!D Of •«iti Ofvr «iit«ir0*tiirttt«il tif^t^* 
l^l«it#'3r« f t i « SI 'tlioiis t i l * #••$: # t •» ittlttfll'. 
•iiia*l<iD0t. 'tut dftit I«. tin t^tA' «iii tflmwB a .{^ p^Enttit 
«f otfiiiittiiti in ttki. lig«iit«iit 0f tilt CSmrt -S»rf««« 
fmmmumm ^w ttmmmm 
ifi i ^ l F 4^i##«itian'^ll~'i.*xtitl«'f«'iii'tli« !»«•§'to-'flM "" 
tup' «|tli:t» #M$ii i l^« mmA li«tii«»» tlMi: iiio dQs««» - Ac 
tttnttoiwd •Imwufiiitf oiilr iiift t « ^ o M im f«»t of 
l^aitHMi. i«i^#0 &• tmpoMit In t i t tftiil^ mimm ana «Mipriii*» 
os3:|r lJUi««i0fi9«#' tit «ftiitirfii%. tfit ^ l e ^ i«sl«« t * mB0m 
mp 0f a y»rt«t3r of -foafc trP^t i^tli m^ tt«««toii«i| •assd* 
toiir sitil>«Nli'rl »$«!!• toio «lii«^ tltl# &«.rt## ««ii IMI dtvtfi«Kt 
GI |U9<I' CS? fir* 9'rt<SMdliieiittr «ttIo*vttQii« «li&l« l?tl ana €XXI 
of «roiiild»tt«l«ii^ for tlio o*il» of oior l tr «tM! t# a^ roiH 
ropotttioa of 6mmrip%imf tiw pofrogro^t^ of tiio 
ooftiioitot« fooko io irotttoA in thia elbo^tor utiito tliot 
of tbo oraititoo o«<lor o ooporoio otiapter oloaigolfii ttio 
pm%r9§rmptxy of orovlioo of tlio Xatrol and Wm$ Sorlait 
In JiKira 4oiia th.% i^ atoHaa liaaatoia ia ttiin Imddaa 
ant ^t»« or ^rallovigli abita In ooloor and &a oftaii 
littorealatad aitti aiilttah fnialc iMtdAai aaloainaotia tlialaa* 
flia liaaotoaa i a hmt& aai eoa^aoi aa<l iiraalta vitl i a 
itf.p«ip puttf t i l t ti»«il .giytft A l.«il.iKii|:«i t^mm&mm- ^ # 
ir«||#« i « ullirii '§f«tii: m%mwm- i«»l»l«tt HA f«ti»ii#i 
wAi^mtf fluli •ii|:fiitirii4.t«it. Iii#l#tt#|»i ili.isl t i e .e»^ 
«t»i mtt mm^^ imtwmvmm$$%m antf lii#»»tf4>iiMi.iit«ii to 
imtoirtci uttyoetrvifttltit* ll«i«itoine#: unl i t e«ii|N»tltit* 
m^tf timr «^' e«ii»i«x iktii^ mm^»-m^9 9ii t^trttiit fcinUt 
of ii lKitiiti i itti eostttttitiift Ciiitv«tl*tttt D«l.ltttt 
ioB9t%M$ tmA i>tli«it')f PfAFi^ t» l t | . t t e^ttWAiitf nieuft* 
tiTfttAllint t t l t i i t t t t » m^'tmmeti^tmmB tiiii#» tn i 
•l|t«»^l«ti ipAftt m& t9%9pm irnti i t i ' f l i t ptapmm^mim 
#f tiM nlMiirt- titntl«iit4 e«itttltti«ntt ir«i*itt utt iiiit:;^  ft^tt 
l i t i ti» ti«ll lH»t «lio vl tMi i t i l t Htm* l»t^ .tt i t i t ttwii«<l 
tmm m^ wm «f «lit ^mt to t l i i o$li«ir« 
tfittirtir mmf9%& mt mHw t«r«t»tfti« «<>iipd»itiim 
«• «# tfef total :snMBNir nf ^tmmm t%wt ^oi^l« im 
'mvtm^& t& •tm%mm m mtitMm «»t'iiiAt* «f tm- mimm^S^ 
«t»»i»fiaitioii df « #iF«i(i: ««iitli« Cr#tftr @tt<i: t«tt i j«te» 
i«is« p» i&8)p iii»&««9iiv»ir ^#1 a@c», 4011 ma §m 
$wmlism wmm iMs«itilfti imm imt^mtf ••ifiotoA thin 
itiittoiio* fli« pmt mmt «tMi^«itli»ii of 'emh «eniti<* 
t»«itt tn ttii foolt « • • tlmit «(iiii>tit«4 fiiid pl«tt#0 on « 
§r«$ii «(Mo»t tli» totia mxgmwt of $»iiSiit# eo^toif 3tt 
ir«i tmm& tliitt t i« «»ft« Hitttosoil mt iN^tiii^ i^tnt* 
fti>»»imitlfti $e^ and 400 «oiitit% i»aio»tioi f ^ j r * ^ 
tliat «otitittitt ^^^ to 4m irtt i io fitt tltHto iioipo imffieloni 
to itVO • 70ltOt)l« tdOO OilOOt tllO OOi^ OOttiOtt of t ^ 
m*k* Joeordioitirt 400 ir«t»» ptf tHln oootioii voir* 
eotiiile« for aotoiviiiitig tbo •otfot OMiiMititlois of tpoolto 
mm9t9 liifootftiotloa* 
mtrntwuhnm m htmmmm 
flio |l«ooto»oi #f tl>« mtmm- hm» %mm ol«««tfi«fl 
mni ^otrll^oi followlfif tito oofeoMo i^ropoooll hy f^lk 
(I0i9« ttt^M) oiis&o I t ««9 footilt to h% Moot •uitoblo 
«&ti#ti i'» .08# nf tiie i»tffi .id ter pf«p(»#«d' im %itm»* 
«• umll »» ti.« gfnirtle iMip«.«tftt npmt%- tmm tm%m 
•toiii»#i' naittliri it|l«#lMiiil«iBt| 4)oii«tl$tt»iit# (*«ll<i<»ti«ti^^) 
f i i l0i i# tfiMmt' «f|#r ptiifti<»tl«6t.iii f^mi.ii> - i ^ ^ #«.r cumi: 
m tl^iti t l # ' «<i»ld l>t ^t#t««tt' iH: i ^ ti l i i ipilair ilAffiMi 
«f fiillc i l f t i f 9« 6 i | for t i i i pttif|iiiit « t «l«iMltli»iitloiEt 
into broiitf li«««toni fwiilloff* flto i^wvi^ttmrnkm 
eonponont of ttio rook htm not tiooti tolcoii infO' ooeouitt 
1»oo«ikOO I t io not «ooo'iiti.iit tm 4»t9m^M&§, tim fopllloo 
•ItlMrafli i to pmoonoo I t •Igolfleont tit ^mtph^tim t ^ 
onflfosiioiito of dopooltloii of tbo irook«« fMo oopoot 
of otoity to 4I001IMO4 oloon^ifo^ 
fho trIiHifiilor diogrow In ?i«« e to t$«oo4 on dot* 
fiiroti in foblo S mtA oioorl^ ohowo thet $lio ilaoitoiioo 
of tiio Fotoktoii ontf dhori Sorioo fo i l l>yoollly Into fypoo I 
{Bp»mpf ollooi»osi«ftt II»ootoi»oft>f «»i I I (Mioi^eiririto^ 
i l ino olloelMftiool Itsootoiioo^ of folk {iH$§ fm 6 f ) i 
Oolf ooo ipoolAon ftoii tlio etmri Sorioo folio In Typo 




HMIIIIIIiHiUM.iri L «iM|IWIIWiHII<l»lii»l»' 










! • * # 
tJI« 












i $ ' 
I W r " 
3 f« 





4 i « 
is* 





« f f i 
| M f ^ 
Ji^i 
vSI',fS 





f t . S 
* 






« d t f 
io.i 
0 f « i 







4 0 « i 













t 9 # t 





















•' Si ** 
ilig»i»iiiniiiiiiwiii™MiiiiiMP»<irwii*jw«:wiwwiroiiiwMiiiij 
w$0 €t« tf#a iSi«8 
Si* 4 m*^ 4 i , 0 
* 
00* .8$ is«d i«#si 
3«* i 0 i^ a<i*i $9*9 
m* t4i« ^ « t fi«9 
4 i * t i tu S93 t e a 
«3« n 8i»i fi»$ 
• 
m4' i 4 i» i iS«t « « 
« 
i t 4ft«i 'i8«0 m » 
i f . $mm 8»»S t0#f • 9 
« 
df» t i i f t u»e 8e«o « * 
$ i t i38» i»«« f t « i « « 
• 
41* I4 I« df*0 «i»« * « 
t 
m §§: * 
.il((»Miiiim«i»iyi»iii<>ii».iiiiiiiM'Wiyiii«iii»j»i)iWi>iw^^^ lilliiWglMilWllllWII (iii.iiiilil|HliLiiir-,K>lii|[(T>|[jiii 
I*liilit»ioiui' 
'Ml l i 111 II i; wiwi wmii HiW)' 
Ml0i)it«it i mmu If^^^ 
tifMiim'mmmm>mii*^mmrmm>0im»>>»»'Mm^mmmmm'V\'^ 
44« 












































t t * i 








9 $ ^ 










f f , l l 


















_ #Wf * 









i f* 4i 89«<> f*»o * » 
6«« «a» i 8 . i §««# f> • 
«»* # «»#s ii^i^ , \t , • ._ 
iiii>iiww»«ti»<)|i»ii<>iiiiiiiiW!iptiiiti»ia>iiiffl»»i«iiMi>i«'i»ii^ 
immi^%m td ff^lk ( ts i i f t * i f ) t i i i f t rp* ^t t t««* 
«ifB»iif•« iif Bpmvf^ tut i i ' t * «MM»iii«''«; 'IKMMM' wm «l««nt 
•n i «»11 vii-cii«i. It«ir*ii»tt«» d9iio«tiltA fintftr tBi^wst ««ll.^ri 
«ii4 ripfl«*«Murie«^<; _ |>'lai««toiiiit 9f tut*' %ypit i»«eiir ontr 
in tlM mmel i»rl«%: 
«lfHiit«f «tit$tfit fft90ii* fr)i|«ii«iil« wii f«e«S i;»«tl«tt 
vHlott #r» •tfl»(iii«d In n^ iiarvir fiftlnltn ««iifmt« WMt^ 
%im99%omi$ mm f m * et nloxlt* tut • ftm «oiitaifi ti^i* 
0 p«r 4S*ii« «f fttilv iis|«ri»l W iroluiit of in* rooli« 
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ALCITE MATR 1 X 
FIG.6.-CLASSIFICATION OF PATCHAM AND CHARI LIMESTONES 
INTO MAJOR FAMILIES 
Ill mm%Umit ^mlttnmm ^^.tifliitt in t^m pmimm i» 
Miettiiis v««f &»§, f ir^ i' i^ M>iit ii0tlii.!9g '#« «t mm% m M 
til # r^ i * t« ^trl^vr i w ^ l i r l ^ ^m ttwmmtiimf tb i 
nllottlHMi wdiivtttttftilit wmm 'iHfi-aleiilAtttt In leo p i r 
i i t^fA I ItiMivtiiiMiCt l i f i ^ l In WM •ItttyMitiwtt«* ted 
i i l l i%i» ^»t<)i«At#« MlMliri«|«il* itillMr ft tM^0i^tf #t 
i^l«^ttii« mm mi' i.fl.tt»' «»i> ataittft #iUi#li«Aii# • l i» (I .MI 
m %. m^% tlw tii«» 'ittMivi^lotit mm mmm% H%^9mpmt^ 
%» ,»«*i»<»»i^^<Ht<i8 13i« niuMi "^intimi^piiitfltt* <f»ilc, 
l i s t ) i s «i^^i«a td «b^* Iiiit«t9si«« iMi&«ii ^ttntiAii mm% 
tutu df ^ » #«iii tttti«di««%« Hf volimt #f ^m •li<Miii»Mf» . 
9am ««iM»t«d %t wpmmw «*X«it« imi lit '^Mm M^lt fiNuiiiroit 
««»ttltit#»t» iMr» #f 0al«tiiradi«# t int* I t I«^ ilittiHifox*^ 
^M |i«ii«idii»ft m»mmHm ^ tbi« i^Miviiitloii ««ii!i 
itmm im^M i i Mid $t in il^tm itowi aiul HAIT* totwn ir*f«irr*i to 
w$m in* liit*y«al»t«<t «li«l««, ##fi«tititt#« tUt %«iM nf ^ft 
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• « 7 a 
• 451, •26 J}S 
Biosparruditfc' 
Oosparrudite 
Oolites Fossils + 
Pellets 
FIG.7 SUBDIVISIONS OF TYPE I LIMESTONES OF CHARI SERIES 
ITO" p«t'roirtM>Si|:# B%iM^ «f %M9 mm^ tmmw te tiiKVt 
h^^m wm0» tar «arli«r ii3t«»tiiftt«r« ^ € i ts ieriHBiftptioii 
%mm %«mm iiit&r«||F ta«i«d $si f i « l i dliwiffatloim isad 0MKIIII 
«i#f«>.»e(ifi:# .ffi.iiai#»« t i i# f0it«Nii@i f t t t t f r « p i i i # ^:#» 
9ir^»« tb^ ing: .is«#ttd ullii i^ii:: tsiii of |it.ii%jriiia« ttimwm 
mpmpw ««l^#itt 0«iMfii (fl«t#ir* t|f#; i }»^ . 
Iiitr««l«tt» An til* ficoldtii «iiiltt«^' ir»irr ta • !« • 
fy<Hi 9 t« d Hi« tmd Af« f«ii«r«illr ir««ittd«^  imd •qitMii 
t<i atii#»iaiA In «|ii|it*, tfitsr mtig* tjMi 'SNI t<» 30. p*r 
ttti «oi}t0l8t« tti)ii««ltti«ii«» miA ttm Mmm%. «iilr# (niKl«^» 
Fia, 1 ( X 40 2 ( X 40 ) 
tmtHm^ titt«l<Mii!# 
i# mi' m^mt A i | ^ « .i»9f«r» tvm9p99%m%i&n. m^ f»d«fi»»|* 
film* f^. i»mmmim &f i!itir<Nil#«t# i « s«a« im »f :«Mi|-t 
i ^ i i t t 'fie«r 'idb^ i^ ' «l^«' imiiii''iif 'iriiiiatl^is in »£«• 
{ f f^ . t » t t»; i#f ^mil iKiiii^  #iM^^« 9i^«i i f m*n>!»i^m 
.tit«lif' »:|tl«*t« ilt«i»« in ^pmi4m»% mi^mk tuitl #f tit* 
'gttt#|«l Ainmiiii inti«ti t M r li«i^ # fpmm* 
#iiiipotii<l. «f 0B%Ht9i$>^ ffitrnt^M 0m^im vliltli^ apptsr maOfp'hf 
•ttiTfimiidiiii %hm: ^iPt«i# 'Wf MLg** B moM 4 ftntf i^lii|« 
tttf fi§* t).« PA«»|I #r»piftiitftt i^o i t t l l f s l i * ! !* 'i»f 
t#i>aiiltiltfpti «l«<» mm§ «• mi'fit*! a*^  lA-nt ir«iiMiit« 
p$ alMill ftagiMititt ttiV' ir»ey^ftalttttt4 iwa tf»» dirliiiitl. 
fl§« t)*: OttWEi t-li« INiir»* of .i«4»«;rt|iillli«tiDfi ei 
tmh iiii«i4i i t BO tiit#it9« flftt tftt urigittil tottAt 
fpftfitciits ftiri f^iplttf^f •l»lit«r«t«ll fiii4 '9cpp9me mt m 
wmmB oi mmtt^lf «]fr#tii|ll.ii» #i^«|:t«t, I t &6 »9t 
ttalii«lr tiiiit %m i^sftir niHeitft t»iel«i nvBtloiitA 
mm^ mm mftmm Ivt tn* oiMplttttlif f«tf3riitiiltii»<l 
in i ^ mMim* mimw 9%m^$. mm m%%%m mm%$An tuit 
» «iii^:« unit: tlwUtt l i f« t <if «fttlMiiai«l« «i^ cy»ft4 t l ^ 
«€««ii'«A«tilr iMftll ifrtgiii«r' .vtMoiMii'ii «f ti&« #ftgtii«l 
«ftf%<m(!tt# lii|wr e.iA » t i i l INI it^ «» lr|«i« mt$, f i t* ' tK"-
m»i t i ^ M t 'Will dtfiil«i|>6<l eoiie«ttf]n« • • pvtl mi wt^MmM 
i aiti. i)#; fli« 'Oist#f ilK of i^meti:. o<l||.t«i is «ft«a 
pwimmtf ••I««afii4»ti« iiatiix* of tti* 0011 ttn in m^ mmm 
em ii» ottsitr M « ^ <^t t^ tto* pwmvwmtim of mi«II 
^iitii]i«« Hi itiii»^l«etd «»i%ett«|# iiftt«rt«l lutd ii|«i» 1^ 
tli« tfttfiitMr vitsf lA vttteli tti» Iron •o|utii»»i liiw* 
ftntlf'iiitd iiMi 0#tit9»*,^ 
imt tf|i«rsiF«r tlNty' •e«»r« ttitir iXtiw tvo or iiofo tvoo osr 
nt <s«iii6iifti« m $mtmm^«^^^ mt^wiM mmlUm in tut 
Mai i)«' flht «i«i8i0iei. '•ifr#l#i^ l.iiH|. L i ^ f * • t i l l •tMrv tii«it 
%Wtm* tim mHim ^f ^^« fi>*.«ll i(»^rt« mi m mimt^ 
%m tM)il«.]fAtft liot im^t^mmm of «iiiiiiiiiMi #f se^ r &m • 
•I0mp- -mm ««tl ««rl«ii# f!)« int«tiiir 4»f tef«t$Mo|>o# . 
«frait«ltiti«' ««lelt« (rt«t# fl'Sg f l i t $1 'Imt iM»lHi' fa^«<»' 
V9«fvi«t«i to til* itsdtviiSu*! ffwgpitsta iai4t «o not 
i^atliiao into tHo «piHnry onloitt oonotit Cri«t« f t l | 
9iS« 4H t&i* yftlfttloiiilitp inHmtmB tliat tiN» fot«liii 
W9im mwjemnA littlior ptior to tboir dofiotittott at tii* 
l^ ir«ii«iit ff&tt or «ooii «ft«y 4li90otttoti Imt ^ t o f t tli» 
fOOlE VAO OMMItttoA'tf' 
A mMm&$9H9%ie fm0^nm 0$ tUtt t^#t l# f l i t 
Iii*i»f4m6t ^ f v«irr MiAtl &MU •Wmm i i t l l a l t altliDiii^ 
{^«l'«^»i» stwil ' i^ i»*il«t» hme tmm €mmih%4 »» 
iia.# in tiM |i'ir«ii#jil '««•• tii«ir ti«gr« !»••» lmt«9yi^t#i 
«|M»I« re«!li.« f6« .griiiiitt irnnr i n ^tm iwm o« i i f» 
fbt' et»«iit|»i ii«i«rt«it i l l fim. *^&%^en o i i l l t * * i « 
fotlowisi inport^ot f*atii]r«9i 
tf f ^ mm «f tiMi ««l«it# is«|r«tikt« imtf^ftc** 
ioif^ tros tut i ^ t «i «]!• iAI«ieisiKi «# 
Mii«]i^  tutlp 'HIT* »tt«N»iKid. m^^ mmmm^^^f ^, ' 
o f^»fV# .^ « i tM» tilt lnl«vi^ft«» '%B^m» tlM: 
i# tut lojB^ «tt* xit tiw' eiil#it» «iT»iftl.» «ft: 
•iil«iiL«l'. tti i$pmmy ««t«lt# ($«»<!«m;>|(: t $ i i | l^siit I9S9| 
mcMm !» Miitll MiRniiitft lit. mwm wpi^^Ummi-- WmmmWf 
I t I * of tint y*#f|r«|*Sltiit^*< A|i«9f^li>i to 9«tlif«ilit 
{$99$}^ «lei^iH«y|r»t«llliit eiitolto «•» m^mBtiAtim 
%f pmBmwB iHilfitloa iutii t^ iramiie #f t«i««r ii«rittik|i#,. 
meh m«mem$tf «f)^«tiilllii» pmteimBf «m %m ^lotlafisitliti 
imm Bptmef «iii«it« t^m t%9 i&%t9mlLn$ t«»l»y»«i 
i# fimy 0oiioi»t pi iww^^timt $itmuB viiii^ 4o 
not aliofir attr •rft«««tio vftxii«tioti In • IM* ' , 

mseummm m wmm mm 
m»m mmtm^ mm mm 
pli»mtmnt of ^m oitgliMa. Mpmxf «ftt«ti» 
f# i i * to «iMa«««ii t» f#iii 4MII ii»iiiii 
%m im»%% |i»|«i» ?ii» i^mtt $}* 
tMtwtcii flit: ^ti'ilttl.* 'Oi t ^ ' #»Mriw iiiiiiiil#« 
anil. D^nvi « ^flc f i i i r |# l i t i ^ i)d|«nt;i*» f t .|# vi^itlir 
I». tiiiiit»ii|i0ii#|... tilt iwmmmm of t^# 'imtli I t 
mem t# I t ®Mi^«ti. # t f0tt»t^iif f^eit f t i ^ c f i i % 
{)#||«t« .iHsd mtf^tmt ^«ft:» t l ^ in * vlil^tl «x«' iw%«#i^i 
l » ft^firtir' «fil<»it« C'««iiit irtilisii * i i»l^«» i * i ' INM» 
&ti#i«iii« eott«ti««i#tt«t «tom»»tMi i t t« i# si«r 
1^ iiliil:lt»«CMittt Of iirMlit«pfHS»t, 'l«ii«II|l»ii«eifii«»; 
f«fiiiittlf#i»tv ostraaoAft «tti «lt«W4 friMPwxi^* • t . 
iiViAir«f vatr m st«« ff«« 0$i9 «• 90 mm mi$ mm 
mm%0-if. tit* |'£i|«yS0ir -df .IMMMI^  iif Ilis«#: tr«9i«iiti t« 
il«# C#'#^ t t« t«s M ) I»^ <I: '«t>9 'SM^ ft m !•«•. i»tlft'# 
wtmU i|r t'&liMi. if%o$m f l l l f fifi: 4l'f.. aipi Itifai'liiiilf 
mtmtt9$^. vltli <»iiriiieiiii imi4 mm$i§ An •&«• f i ^ : %0S' 
ptjnie$iiMl«<i« i?««t#:* for ft«iit»iii aiteii'iiMiA nimeltm 
%tmf mm im«>wpm$^ • • MmnwiX p«ll«tii;. 
fi!« primmpf mmm%tim fi«l«v^ift 'Of tti* wm'^ ! • 
•!«» iK)ttt.iMt#« i4l«eiii»iiifii^ ^ontiitu^ia mil mi-^k mm 
m^^tm4 $mu m mi^mmfmt^tim #«l«it# mmwm^' In 
m«li fcie&if ai^ iiirarr m%m%.%^- mmms$i %m Mttier ultofwthvr 
mm%m%m mtam^ #«|f(|t#«: f i ^ tut ttiEi^ml. p»iiii^  nt 
ir&^ «»i. ttmf mm' 'imtv^^&m »^^ mm mmmUmma. t# ta»9: 
Immi: ll«p&0lt«d li$^  W9id£ a»il ifli]Nirai«tiiiit «ai«9ii|»# 
<»^iiiti.tiii^t# In till* tfm om^ m%.%tm9% fot t i l t twe^ 
.itt^tf imi' fttiil ftiltift*. 9t%h ffewi 'i» iiiiniii nft t» 
•II «Mi»»» ft %mt$0 m-emtif of atti^tfti ^mifit AM tti* 
iwdd i»ail ftllt «4s««4;/''' faM* f kiiits tlit pmwmti^m^ 
few %\m paxptm #f f(ixt!itif ^%%$9%i:imH«m •# 
mmm ro«iit«ttt»$«a t» too pwp «*til •»# i>l«tt«iS m wtmrn. 
in l^i»' i*. ai t i»f tut 46 •iiipl«# •ttt4t«ii'' S« aiw^  
•ilty «Ottl«irltt«t t<^  *** wm^ Mid siltjf l»iiM4iiH%tft| 
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f t 1 1 I I • 
I I I I I • I I : ^ n ft 5 •: I n I i s t 
«B ©: * l If # | | «P » «> #»• '*4 0 • » » • • «9. 
e i i i i g i s g 8 i 8 g ^  • ^ 
m $ i» «i 19' **. # i^ «». o «t # Ml # » «» 
*^  S 8 8 i § i g E £1 * ^ « ^ ^ ** 
^ 2f # • I g f f I f • I Sit 
S i 9
# i s 0 # C9 
m # »• 
s  i i i i i i i i i 4 i i i i i 
r iG . i ( X 25 ) Fl©.'" a p t 40 .) J 
FIG. 3 ( x 25 ) FIG. 4 ( X 60 ) 
mmmimmmmB m wimmm&m m moLemm mm ms^m 
fit* I m%t mt^it •ll iftiefti mHtmB w$m <|»«rls 
ffiotlmi t« mil* 'ii«ytiar« 
fi@» a iNiii «<irt«d i^tit»« vi^ MMtt iiaoi«i «aiitii4«a 
mm tt«V9 « foreit* §^$mm»mmm» 
^nmrm €0m» Cjmmmd WimUm XiO* 

In i|i«: 'lMi#' ouft 0mwm Smm» m& hmm- hmm iNif mrrtd %# M^ 
«Blioift iioltt«« <Mfti>hii mUl^ m M0fmmt. *^^) W 
ptm%m§ 'inift«f•# f^ ^ *isiitt.iii m%%i'^ mnmitmt^^ m 
Sismm HoiMit ^iwfti*t loioiiiitF $pmmw t v l i i l t yiNiii (ltd 
:il0#. If) mimm l#«i^iy| imirltl^' tlMi: v&tai' aiw «iiSr 9«i^i«ll|r 
f | | l«4 Hi til «l<i«|tt (FlAtf i l f Iti*: 4)« 
tutitftttif: It'll '^ d'leur irtit«» imm. hmm. tn '^ t«nQs&<iti> 
^•Hdtfii inf. 'Hn tilt ii|i<^« i t %mifm' pwimm^ mwrnrnt 
Wm^m tiMi' »l«jpi»'(P6(if«p tta«: Mwrnmimm #f tli# te^' 
'$-;:;' •SfSmt 1^ '^l>« :iifiii~i#~«ri'^^^lrlii#t df ^ i t t t l i ! t« i i t«« 
iMMttlrt «].laiiN»S.oiA aii4 t«'rfliiiiiMis:#. iNilittat fd»«i|. 
Itol»in.»| liitli •inoi' «Mnt»tii ef fiNiiil f•l i«t» t^ «li>iii td 
ttw firwi «iii«g«f7 villi* Attarltm Qfteitv moA i1^l^^m 
fruliif t>«i«tif to ttw ••iKiBtt iywnpt. All tttttt eoiittltiit«t<i 
ay* •ffitt«€dili ia m AlHiailiust •t«9o«ii^it«lliii* «ftl6it« I»MI*|\ 
Of>lit«i 0h6m eimulfur t4 #lM{»tl««i entltxi* m^ 
mm ««ll ••ft«lt| tut t i s t vti^itic fttp' C|||^  t« %t Mii^  
^ 1 ^ •««» iictiittfifvd mmmtAw A» ifc* ^«ic «tt<tii tiMt tHiir 
«r«iii iiiitft«r» «t mim ptrnmB if%.«^' 1% f i i * * $ mm i ) 
#^ if<»p»a: Qf fo^ivil fx i^|»»i»%it WMm ^m^m cr«lntt fiiiiM!^  
imiil«i fttmr ««« tiit«intfi)ir •iififti.r mnptswr §m i^mt ton* 
ifttfiiMitfi ! ^ ^em ^^^ wim «bii»li iurfnttni %hm ( f i m t 
:SX:| ' f l i t i}# I t i« e&«iMr I1b.«| f t i i mm^^satitf mi ^'Im-
ff^'HiiMllisr tiMir mntm wmth iMitiir v^<iti««i|: ^ttglimlty'* 
lugr^iii iif e«l«li« mhiMh. mm ife«ai»lirft«' %wmmtmt%f 
wmpimM %r ifoa nxltfii (t»l»i««XXt f ig* ^)« Sn tfi* 
oirlgiftJil i»«S«tt« «r i •««» soAtttrid wi$liA» tti» if«ik«^ 
•xkilralF ««iii»9f«d of d*3rlt %f©ini iron ox&df* Aai»tti«r 
«hiiv«et«flslt« t««tnf« obtciff*^ to tim mMtm i t tluit 
tticiinwr «oa««iiitii» %9f9Wtt ef ifftiiiiifiatt ftrt filt^iiiiini 
•noir • ftm^' niifiE oaroiii im^r «f0fi««« iii«<it# n^m 
mme^m %%m%mmef- #t«ii Yuan. IIM^ •!«§» of mt^mwmm t* 
tti«f f tiffWKftfrtf ym%% «iH!io«fi|yi« ms^ ' ifiNSiiit iiiifit.ei»ttr»9* 
^ %imm « x l ^ on «ti: oxttiieiirfi • o ^ t %m. tlM ».inrifoiiiMEit 
tiM m&wmmMm% tfttHoiMitt omstnl.tt utoisto iKicoMii 
mm ^HGW to tlHiir iSoponltloii In tM t^ »i^ s in wiiit#li ilMy 
oootit nee tiooomw* t f ft WIMI oot m^$ 't^'mptmitm imm . 
•oliitloot wm%€ hmm mp%m»d tim ^mtm$ ^m %m wliliili. 
ttio ooltl«o mm mm mi^M»^^^ flm imfmwm$.99$ ootltot 
•noil' m 9imtp ootttoet vitu t'bo olOMt^ -oi^ lolto e«iiOiit vtiltli 
im pimBmt in mx m^mi^moM ijusiitltjf t» tli« ffoolc (^lott II> 
#itinieo#* 118.6. im9min$t$im*- Mufti •# tti« 'i^Niili mm 
}3mM$m mA 9imw^ m»mm$ •Hgin ^^ l imits M- f«iPMitiilti>im' 
vtoQil* i# ii«l.l i0ttfii# fiie«i i»ttti#t» mmw wltttla tUt- -
ID»tiA.t4t ^ii'«ri« ir«l»t '«<»«»# to fftsr if'«»ftm$ 
mmmmm i ft i e 44 mim immt} in tim misk m^^ mm mmn 
Ili«t$tt9<l I%f0a# f^io4 1». * |liiji4flii aifliiiitP C^«t4 Wi$ ^ti*.* 
i i t -m^ t)« flMir' t u f f I t i «i«it' ff«i i t t . i §« 0«i IM^ aii i 
•ii«9: #b«t^],|r iBisiBlitr «iitltii«4«; &m *m hmtB- « t tfM 
•vlll«aKi« ^•4i».«9««l ««iftt«yt I t «&» lift il»»«ii tl iat ttw 
iustiit.aiflti' i^ f # i i ^ i f 0m%m» i * not ffltefurr ^% i t #i# 
to 4#tp <»&ftiii«i<»ii t>sF t i l * mvmnMim$: «^e&t« t«ii4iit* 
I f ttlifwiiiet l« iiciiQ ip r t l t l i i^ tiiHEtMMiii% i t ctim ^ 
iii^ bmr* ii«»]i WHil i»«ti«r wmM^A m^ itl.iiii Koeb tMBtttr 
••irt4il' thm mhmt %%wf t^pime' mmm Ite4«t* #f^#««€ 
iit«0l« mo9% nf tlMi gimlns •how i}ii4ikl08« •3itl«eti0ti aiitf 
ffit|iiiil#&i>«iiit l:»'t«Iipif 'nrnittto fHNBiti** to tli« #]itintti <»f 
!#•« tbMt «»• put «««i* fii*. gmitis ir<i3^ tm »im i»«» ' 
0«INi to 0»||I Ml fiiiiS tlimr fi«r«iiil«ti t f t t i t * «loiii t«li i 
llHliXtftAt 
•i^tviaa III tlui ifotik #f « l i l ^ i t «<iti«titift«« fl» t# Si 
fer i}«fit 1^ iw'Mft* I t g$Mmki&m%f fliMi«p«tii«i Icfi 
iiNiln«A "««^ f^»tt«- 0irriiti^lt t] |^.eii# SX^  F l f t * i mm i )« 
ii^«r«%, iw«f|riit«iiti«« tt|.ent« mm ^ mmi$itf mmtimfi' 
Ipiltflko^ Smm Bpmpwf^ eii leit* «» l ^ ittmiM of t'ti« ^tlttttifi 
4liiiH»«Ktil im i n t i i l ««fll«iW-
t« fif«i% aiHi Stity a i n i A i i g i f t l^li tof*' Hf |i» i fi»<l: i t 
ttt tm smxm- ^m» m$, i * i i»ftc^ < '8 li& ti^c wtsm 4mu» mm 
sm^ mta ^ i t l r bi^«lf»ilt«»tfi %m 'twtit t})« ^«m»B§'%1m 
npp^it ««»i pffrl^  «f tim ^«ti^Mi i * f i#« ! • ia«o n^mm**^ 
lA tUSii M«i|ioii« fb« llaw'fliifi* ! • • • •n to INi' iiolto: 
np «f f o t t i l tfii^itiii.«t f«o«i: fw&ttftif tfliiiiia«»t Hotvttnl 
^Arta cKwl-tst muM O:. fwv fj^tt i* of toIi]^iir«f' ^ flbtftt IHMI* 
itlttios^o mm f i i i i l f liol^ tofotlitr liy^  o flno groinoa 
r iG , 1 C X 25i I 
FIG. 2 ( X 60 ) 
m%m. -1 SMitIs «f ItiraliNMi arw: iif« l^i«ii' ant «l»s^«i 
tet tii#<# «f'f«yiNiilfitfiii» mm mttit^* 
f i t * # S«Mt' lil«iyifitirt.t«« mm altoniwiMy .«r«ii«iw»ii»* 
in»0ii pftftoirilr mtmiBtm «f i0««l% tftliri*' iilii«i -tarle* 
i » i»M»iiin% ii^w i^oiit t0 te 7 i p#i^  ^ n t w iri>limi# I t 
|», iHii^0ffii# .nf'ili«ll« af li<«Ni!bi9|^ '<l«y S«mllli%«fmic»li6r . 
'mtmm0$> i«itt ,^,tM«)&f#t» (fl«ii# i«. f ig*. t)«' f n * 
IMi:«t^  'friifiMittif I * «|:flt»r ««ii|^ :'9«A #t iMMlliiir '«i«l«tt« 
fi|nt.f#irjSi ^!ii7l« #i»Atiiiii i«itft.iW' mtrntttr i%i«l} wmef in. 
•iii4i i^ p»i t « i ttt '@»t «Kf' imt i^immmm .#f. t!it«* •titUtt 
«|lMf?«4 Hint iiirtm. ^ « irti»l# fitt fi>«t'il ^t^ri'f l « 
'^•It«ti f i l l tilt ii!i«rvp«««' ii«iii«f»fi tbt ir«rto«i:« 
«riiwl« aN}«ie Hf- T l^ttiMif'v f^lHiir AIT* «f tmlfiifii •$!!• Cd"«.9$ 
colour m0» do not' tai i lMt iiir tift#vi»«l •tyiiftti.irii* fhw 
mm lst«if|^r«tl«4 n i f#e«l ^«I&ctt for f»«i«fi» mMmtMm€ 
mtw%%ail <|i)»n« i f»l»s aani iiinfiiwiit^a te tti* «x|«iit 
ef a^ tooitt 10 to 4S mT ^tui of tiit wmk W rtttmm* 
e'»0t t# o«s «• aii4 *»• t i n * wa^-m^mtf miPt%%* Hftut 
^ a r t « gf^ttft #iiiti»it mtwmtm Hhm^mm «£t# aelisfiiSJir' 
' I,fteltl«l0:|t9 «lli. •!?• f«t*te^#'l}t »«fiMf>Ifia)A'||. l!t:ttlNK|l«||« . 
«lei^0l.lfiii« f ^ .fTiiitit mm' mim\m inii iiii«ir m%^^mm 
#f <i#rg^«lo0 |»|r tii« m;»fismim%m -nmsmt' 'it««&*ity «.l.ii»g' 
i l ^ tu'lit. lf«tl.iia«* 
taut Ai>. iici i»4iM ^«» tiitlir t@titt iniefiiiii' mm^% OSM» tMAf ' 
fl it ff^nvwofli- 0^Ei«$it««iit# #f tlt« iroffe «|i|)#iir fd 
flddt in DEI .a^ midiMtit iilo^ci««y««ii:iliit^ 0i^ei.f« «0ft* wtiittli 
van«» in mmmt fmm t t« i l pmr «»»t of tittt melc W 
iro|.aii«« 4 !iii«r«tiit *$«djr of-1%* jreoli tttidtr »iffif<iii(f»*p» 
mt%9n$%wm €s0rmHPii ot tlif «»trit«S «iiiiitltii«nti of tti« 
iK»#t #ffeit«4^ l»r ooimtioB ! • quarts itrtiieti eewiir* M 
- fi 
•lun^lf' w^pilAif' .i»«liis wlWHk m^smmm- « s t i»I i««i» ^Ifiia 
%nm^ pri^its imit^ ai^ ii afpti^r' ••}pt»i«€ viNr* .#iitt« fib*- ' 
mum ^ i i « « l mt$mmUkik%0m tmSt -mm mmmem ottc* t& iifKiii 
ii-tlit#« J i l siiHpii. of iwf|ai»«Mtii:$ fi^m 'ii»f^.iiai •off««»' 
t t » «»r ti»xrMfi»' l^»^  4mi» Mift tn 'ill* •fifiiNi*. HiMi ciiita msa^ 
CiMf)» Mwm^m {%9m}t iiiii]i»i«ii ii09«>« f»«tiji^iw i%mfU 
m § 0 m 
^t^m^miim mm #triMt«iift %» mi^mnmm m tii»ii: m* m 
mo& f ) «f ^flmvm iMm mm IIPI t:xtti«iitttf %m^mm%mtmM 
mm mm^jf %«4ii« 
IS: tit!.!! StU^^li. M|» ttlllHMIiNi!ll '«f tlM'' fHiik ! • 
wM.^- 'MPt' Mitt^itt til m al«iiflfto ««»iiit* 
tto* f<^ill: tmi^mm»$ #t^  tut ffiMwuiii' ' ! • wmmt 
$^Mmtt.m%imim m^ ump^im^tm iat«X= fmi^teiii** i t 
mmm Umtit wmmt ^timtm pmetm mm pmmm^* Wm 
t#]si mmm «f $mmmm%9mw9tiL i»#t« i^t' aeakttftt^ '^ tu ^ i 
l»IIft«» mm «f iMUii:! • ! • • C^^Ht i« t»iNi « i | 
mtiA «t«. at^ lc^  tf^inti ft« «tttitr i^mfim ^^ %mi»ma^ 
•tffcteitoi^* m»f mm^ mimmmtf wmlM :mm%mA mm mill* 
•ttoir iitiflit tfitfiAt'MlHi «|^ i»& iHor tm 4tm tm mmm^^mt* 
mm %mmti$mmmm mttm^m% %m sflHiilf tmOm'm ^t mtwk^t 
tnwfts msOL tmtm^^t «ia.«it <i{i8«iliiit* 4 to 44 f^r «4iit 
• t tiM iwBir. «a« tliwv mttm&tm mt mowvsmimm^ ^mm mmkmt 
mm 'mmffAmt mtf m^ tm mlmrn f f i» *00 an !•- 0*1. i«i« 
foitf ir«rt#« iiiw to t# to p«r «•!!$ 1^ w»tmmB li««fir»l* 
niiiinttmi <if «|«f|ti« e«iii«nt »t ?Inutii ton* i^imn m 
fyptt Its «<^  itt«vi»ei|r.«tfiilti)« Mii^tt^xit 
i^«ini't'f|rat^Iiii« is.g|«tt« mud- tmmtt inioiiiits #f i^'ln* 
iNI«f t<»| t i t* : f |!«gi|€llOirl|. ttf t i p . PNlil l « WMllI tip 0 f 
j tos f t i l €(ii1iff4>.s jf&04i|i§ I.& iHSt, ititoiiuil:iyG^ At#f*ft1li'# lnmiN' 
M.B%in^ l^ris^^Mi iit tut m»wt $«r&#» tti t^asr» 4(iii» 
(ll«ft ir«0# t f i t« 14 ins^ ' I f ) imi. tisav* iii>tltiH»« #f fl i* 
••nil. «•«!•• i.s». tt^' aaixi doiM Ci«# ir0«« f t i f find at)* 
natiiirw %fmm m^B Kim Mimm9m& ian&$w -n 9«parittt 
li«iidl»f« 
mufU fraift«ttt-t Mid 4.«iirit«i ^m%B»- fbt fffi»«iK&vt 
t i i^ inMdt MsA ti l* luiii nam* of tiiinc* ati*!! fragiMiit«f 
•li«|« p«lil>l«ft imi fpwnt ir«iiit|«« •iMkif priif«nr«d 
•rl*atfttftds la in* iittntf •pselatn* fbe a«t)irlt of 
«a^ «liov •tgii* «ft ^ibrtmlmn* l!9««v»rt tim p^^w t^irt* 
ing is ^sflMipa da« t« infi l trftt ioa iit tt i* f int em^Hw 
iiito tb« iroitfs l>«t«e#tt lfixi«r fr«iiMntft» ^ititit 
ti«4aiQi i« «ft«ii «b««iT«<t u l tMa tliia tsait tmt &tli«p 
t»KlaMnr •titustctrsit mm altoiE«tli»r wAatintt. 
r « p p % W 
wmmmmmmmm m miwmmzms m rim wmmm m 
mmm 
m^. I fm^mmtm «f Mvaimi mfmttm -mm W^Smm msA. 
t»vfiii])i.i»]^ »ii«9 |.iui«lltlMPiiiiito:ftt • !§«•« i^iu^wmp^^ ma$ 
tnfft ilMI^  %f!f!||#f' fifl^pHllltili; 41114$ &• W§%%. MifiNlll 1%I%# 
.p^dii^ t tai l %m tumtmmw i>»t«tttt. tm^ t^ finpir ft«#» 
mmt99mMim ^Mi tr«(it i#» loftH. « l i i i« tu t M w i t t r 
tmiumn tlittf t lM l«fii«r unt i l ff«#i#iM-« i«*» Urofctn «tia: 
AiKMit t i l t i>i«gwil« <i0ai^0&«»t« of tiM fti^kf 
1»lviAirii« «««ii|^r tli« ii<i«l impftw^me^ pnAltliitt (l^lfttt H f 
fl.S*# H 3 .aai 4 ) t flb»tr ffupMiixtt VAxr to^  • ! » • 
ffiwi. ^ WM %^ iHioiit 0 i n AlotiK tlW'' lo8||4ii^ lilMi!i$#f• 
I n •»'•$ ^tt#«0 thii fi*«gn«ti.t« •tinir • l « i f l | « i f ^r fi^f«u# 
itnt6tiar« trait in «tii««« iwsirjriitiilitaAttoii htm t w m l t t i 
i s tli« tomatioit of mMwmt «o*»l« of «ftleit«« 1» t l i * 
I« t««r oMMit • I l ly %tm mttllwm of tho fossi l ffyttgnwet* 
t. mm m*& m*^ • * * M*Q 
6, s ^ tt»e $f •« * t f . t * »«» 
f» ggc t *» f©.a * i « 3 » 0»4 
i«« mm «•« 2«»S 4*3 -« 40*8 »8*a 
i»* «8» « . t m*2 - -^  4»*0 sa«8 
4S* t i i i * 4 «.« - « * » * t i« .» 
t f« 84 mi€ m.B «*» - S0,« 14*« 
i i « 3^a 4».8 J».# • - • 22*a 
so. S0l> «ft*^ * «« « 
•• $ $ • 
r smmm f S«tf 1^ . I Ssmptm I f^«»il I Hoiiii IMMMIIHNMMN 
mam^wi mmml ««^« I twrnmrnmi «^**«»l ^ ^ i***! i»*««*«| <^««at 















































• s « ^ 
l^«i 



















t 3 . # 
i i *4 
^ « i 
sd«s 
20«2 




























i « i««ii Ml « f i l l e t wittoia tfa* iMi^ itMi tn oi>69»ft iUktniMl 
«f m$t mw^m*. of. tto*' ffiMi «iit i t ftxtii^* 4tt« t# $ti« 
iif]pQ«iiiir«» tm^ wmm» i» • t « i ffwn i tit S wi* l^ywil*' 
iilftfnKl. t tu t t mm- ^(»tif 0«$ iM. itt m^emm^wr m6 mm-
f^ ilirlE'%irii«ii f«iiid i^»ll#i& ni^ of tmlfoiK 
•ift#ii «iv«f«$itis 0«|b|: tm Along iii«timii'^l«ii«t«ri mii 
• i 
of tbi fyiM««ojrk* tHnf «f« orovdttf in n t^aaoa 
ftMiMoa tlifooghdtit tlHi rooli {Pttff H t f ig * 4)« 
A f^ty Mi#li HMoiifit of oo3.it«» «l«o oeeuysln 
•OK* •aniploa toitt tlioir tfi«trlinitloiii I9 i^ of^ r iirrog»liar« 
I» ffOAo spftoiiioiit ttMf «r« s»yittftttt in «ltt9t«rji w/htXt 
«r»^  often- Hifn^ Myi »nii ttham algiii of i««oflKli3g aaMl &» * 
f«ii QMO0 iHk^ mm • • •n attiietioa to tlio aattix of tHo 
it»oi in vliltl) tluir <^ oo* oooiii«6« ftio gonoinkl rnhmrnvtmrn 
of tiio ooiitoo MW olwiinr la n l i ii9tm$,lM to tho«o 
'•• W9 
' i ^ t l ^ f ftufii. «fNw> t i ^ ^ itMi- .t««tiiii.»$ «t ti«. «li»jr 
.$m mHammSm^ f i r«ipt»^' #fii^iitliirlio^ iNiliiiKil^ .ir««^-|tlt%»^ 
ii«i^«jri. i i i «Ht i i t i ^ t « i i ) i i t » Cttttt» H t f i g * #>« i t i » 
ir«ri9tloii tmm I HH t$ 9ibm% 4 MM f li«r mm p«lr* 
#X|riitatlltMii' tli* litiSliFS4tti^ l graifi* iliowlaif mttiir^a 
0oiit«it» «i!i4 wmw «xi lo«ii^« liOft* <p*ft« gmtii* 
irottlcla msiimlmp tii«lti«|(m« and ntusw hi i^ «|<»»c«ti0a 
riiti« it»a Huff «»lliiwt|<iii« 
fti* mBttmnt ^mumtim m$Mw$.wi3i> lit t ^ IN>«1I i * 
%m tmplmm& d«tfitiil #t«rt» ivatim «iit#k. »tS:ii «iii>w 
fHo «iiMmiit &t <t«i«nl In tli« mteU ! • 11111119^  
ir»af1lat»l« <8 tn 30 p«r ««&#)* SioipX*!! vltis sltuir 
aaount* of o«ii«Bt mm movm oy l#s« farl«i»l.* •Itbongb 
veimtif «f gimitt* 4«» to P1W99II1I1I (ft «v#rlyi«^ «%r*tft 
mmtm t 
fitSeARAPBr Of iUUEIIIfSS 
iBRl^ r ffti^l^ «3ie^ i^ «!t«INMi« In sm^Mf%3it^0 e I I imii 
Hi iM»y **ni «titf 40 9«r ««»t nf timit ap««|p«ettft toi«l 
«]^0kii«0wis. tliii Kmtrot Sttrt#» toi^flmi* «t»imt 80 to 
40 por «oiit miilo tlio BiBt| Boffteo fO to 86 poir o«it 
«r«giitoo« Hovovori mmm *i^ ir«rtoti# t|ri>oo lisioytatit 
4$.ff«t«Boo«f liotli toietiiivl «ii4 oonipooitioiiiaj em fko 
0%««ffot* i ioadlf oi^ ^gteinit tlio atvultot of t%o @li«rt 
©ofiop 'HOrO' ftooAlifofiitio «iid o» im ctoTftg^t i»Mi|)iHratiiroi|r 
<Mi«iriHiir tliaii tfeiono of tlio Etttol oii6 Wm$ Soi^o** ' flio ^  
l^tinol ««(M»&tOi' <l|ffOV iiiMlfiOttSltlir' l^ ?0». tItOOO o f ttiO 
Wm$ Sofloo -iiS: liot»g l i t ^ l y foxrnpiiioiio or ooleivwmo and 
t'lRokliif tlio oHorootoflotlo opollno eonost of tiNi' Dlntl 
•fvaltoo* 
I» tbo fottontng poioOi tho toxtural tfoooriptloiio 
of • • r ioo i took tjrpoo kovo tioon MUMioriooAy am far on 
pooolMOf in tlio font of toliloo ond oiiljr olpiifieaiit 
sttHlNitoo li«r« boon diocitoootfV rurtliory onlr tbooo 
#f mptmfmtmt or mnmni^m %y tUtt «»«iMit «itll ulilftti •icw 
fim miisvapBtmm'mW «»t IMntJ avtiilttii |.« i t imrt^i l lifiiNi 
fiNl IMPiSltti Hf til*' Xiltvel S«lltti MP* |»tMfttfi*|| 
Wawm^Wf. flit «l'^-|i&f|.o(itt«m of fft««].tf«»«iu* €li.«irt 
«ii«ait** piPt^ iMiiit* mmm a t f f i« i t i l i# i ^ntf .ti»iitfieAtl9».ff 
«liMi«|,fIeitttoii iiiMi' 't»«*ii 4tte««i*a t«t«r i» •l!lt.a«*lfi«#»' 
tiott of ArtisitM**" 
it(i%iiiiii0i.*9iP' 
iiaftljrMd for ttieSr seoliiKilei^ ttoiiiioolttoii natiig nfiffitllmft 
(t«98)r MuDir •itiipl** «*r« oi t l^r friatiUi or looiolir 
oolitifoiit and tfid not roqtilf* mof •poei«t troatwotii a* 
fttgartfo 4Sic«|^^g*t&oo beyoiiA oo-filclisi In valor for m 
tmr hours oad. O'moMaf tttMi^  «ttki o^  tqilior pooilo^-
^m^mmtktm ii«9«iit«d: Btm^^vmw mA&'mmt' i»f %tio»» 
#«iii»ii«a wtifi tir6aM»ei^^# inert «lg#st«ll in IMHutt 
tm$.. in mum- emtmB fMs iiftlMNI- pwmt§0k m#e«.t*fal i» 
H&taiiitvii^ttiii: tlitii: • f f i i i t t i f t lyft f l i« M$htt imlliiriitiii 
•i»i«il«iMir ittii«d"«i.t^ «tt«ipf#' tdn^aiNls. 4iPiiifti»i|;iiliiHft 
ittStSw Bimt^B 4#i^ »»i>o»Aiiig to s« 4t Sf i t i^*i» 
OfSS'i 0* I^8S MtA 0«98a Mi A{>«i!^nt« tpeaiBg vtirft iii«« anil 
$ti« •««ipl#ii «r#r« imo. for 1$ a i i m l * * in • f.$tas> fik«kia$ 
•x«t«d«4Si 10 f « r esut l^j i i«ii l it nf t lM t#t i i l tai^lftf i t 
««» «oitti^#r«4 iiii]9#<^*t«fr to l i ^ * ft |i ip«tt# malrsi t -
fli« wm i * t s »a tb» •!§# $mm*^W d&ntjriliittloii 
lti«t<iiriMi» imtf .Aliift Ml f(itwil«ffir« ^ r f « s ^ p leHluc 
turn t^tftl wtigiii ii#ri}«iit«c« turgor thim ttNi l i t t l t i » i 
iejr«l« UMlloglfiiiiKle ir«pii |»«p«ir» fhm fM #ipi««I«iit« 
of tfei i i i l l l i i « t« r iraati** m r t ii1»t«liitll 1 ^ it»iiii t l i * 
«9Bf9iriion t«iii» i>ii]iii«ii*e i»r !*•<• ( i ts i )*^ 
¥li« nl i i t ia i iQal pMwmmt^wm a»flii«fl 1 ^ Folk aoA 
Ward CidSf) ii«r« ii««s txtta In tnn prvMist ifiNr«cttg»tioii 
fttr asMrili i i ig %tm Ql»ar««t«ri»«i6ft nf tH* t i s * fiiaq««ii«3r 
tfliiiirito»ti«»* 
Mtmtmttemt fiwatiitiit of $%wm timtm 
Vli# svtttlt* of 08 iiKciiMiiiiml. 8»«iriii« of •«i#* 
•t<m«i iiiiaff«^«A W 'mplmimmm or mwemtt^m W tm 
(a»ft«I :^ «ff, $ to 4f > eiMit film Itml i«rii i i i | 9S IStrittt 
so to 0t ) imm ISNnri i#rt«»* 
Fi.gti:r»t 0| m tm^ i t •fo.ev tfea^  • I n * Mmm^nmy - -
^ii«# m 1sii»toggtmB. for tbt •r tni t tp of msolf ]C*tf<(»3i 
iad diarl ' l^3iioo .yoopoettirolir* 30 otiit «f 4t mmpito 
finfli 0liti| Stvios Mti 10 oiit^  of 00 firo« Untinol Sox^ot 
itm9% ttmtw Mi0«I etftot in $|io fitio^ sand gmilo (O«08 « 
0*t08 Ml)' iftitio 0 out of 10 oiMiiloo .fYon Ciliiirl 0orl.o0 
liafo i t in tito aodltun omiA graao (0^0 * 0*00 9m} ^  
rurthmwf Ktiout 04 por ooiit of ii»ij oiMptoa m^ f0 por 
oozit of Katrol ii««|i|»« ii«f« « opif««0 of 4 to 0 I700«ii 
0i«0«» utilSo 80 por ooiit of mtxH oosplot ol^ ow • opi^ oA 
of 0 000011 0r«0os« 
Tho 01 so firocitioiloy 0oto Itafo «IMO t>oo& p3otto0 «• 
omimilfttlvo etivToo to fignxoo i 0 | t0 tm€ t4 0110 tlio 
imjiOTtMkt otoilotloot pcurontotoro o«lo»loto0 thoroftoa 
aro lioted In Appondts XI.* ToUlo 9 iiuMisriooo tlio 
rango of 0rapiil6 lloasi DlaKotor (Ms), atong wltti tlio 
roDie of ZitoltiaiTO Oraipblo Standard I^iriatioii C(r,)t 
«.> 
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tb« 8lm| iENivt#»f i l l * 'dfif lit# ti«Mi (Hs) yiiiif«v Iros 0«$ 
tfi a * ^ # milt «]$ytpttf tft«i t i l* «•«» «t«« of ••miftiifiiMi 
iral^ nMis f«r tlHi 'mmfit .mm^%«^9 itiiiv • «l^« timpk: $xtm 
if%tf iv«ll tdrtftA to iroorlr *«i^«<l« il>*9 ftir oMst «f 
pmitlf 4ii»iM«4 iMttif!«• t» ! # • • ^Im$, til*' ir«fy wtllt »e']rl«A 
iuotd imllL •ovi«d iiiHij>l#«# Alioiit t9 9«i^  Offtii of tlit totn^ 
•«ii#I«i' #tii4l«A otioit a Ajmsttrt'^Al 'Atotirt^tloti; of- tib« 
«0'Mrflo. end ftao fr««tiofit» «lioii$ M por IMBI itio« f ^ 
pmp&m^wmmm of fttio ovor oooarao trootlon ma§ oatr 
.ti^  for «pit oo^ ^^ 'ioo o«o »o.pitiir«ir t« ww moiativoir 
oic«ii«|t* In 0* wmxv^ • • t9 Ptr ooiit of tito oaaploo oitlior 
ttLO itim. «ii€ oo-or«o ttmotlono • § • wmme%f %m oiitiol oM^uiitii 
or tim iiim fraotlon oxooo^o %tm oooroo* fovifior« oiioiit 
TO p§r tmnt of tho ooMploo o i * lopto m to roty loiiftoitiiiritt 
vMlo llto r«».olsi]]« oiro »ooo * or platflntrllA.* Im voot 
•«»ploo» tbortforOf tbo oontroS portloit of tlio • ! « • 
froquoaor Alolrilmtioii l » voil oortoH tlion ttw t o l l 
porli>ioi}0» 
fiio sotrol orooitoo oiioir m oiMilftr roago of Ma 
raiaoai tiial !»» 0*4 to B^$»^ « Boworort aono of «Di 
mm»plm9 mm roiy * « l l oonotf wiiiio 84 par oaat art 

Ming ««4 i^ «r emai miA 0«d f«r «•»% ir«ti>*etiv«i|r» fb« 
rang* «f toiriiiig vftltitt A* igiftl|«r in «4>it^ «ri«o:ffl t« tiMt 
'Btnt'l •iiii{»t««« III t .^ lifctifol •r«stt««« lAk* tlioM #f 
iriliilt offly il«# ^tir tent •twi^tti. lum n^yailvvly ilMWiA* 
fUt if«lii«« of iinf^btt Hxiftftiiv ate^ v tliAt tIM i&ittiii 
mmmi'lmB do iH»t «Aff«r ifmvf wat^ fwtm %h»m «f t ^ 
Biwil S«yi«i Ml far M I •0 r | l » i «f t t i* ii«nii^I part of tti* 
l^« iliatl. nftiiita* 'sliiiip * «MiiI«r rang* of lis 
it«lit«f (Hfrts • g«ii^ }« Jtttootti^ iliM portitti of tim 
mmti m a i t t f t * not imeli aiffoifoiit tros tlmt of £iiifo| 
««widitoi» tUviNi ato iiignlftoe»t mti^mm^B in •tmmmB 
mik§ inrtooio oii«»io|«ri«ii«o« imottt $s por ooiit (^iMfi. 
•«iipi«« MTO •jMHitilool. or iiogalliroty .okowttf wig oalr 
•botaf IS por oo»« oltoii pooitivo ^onDigm^ 6S»S por ooitit 
•Miplog mm lopfokortio «itg #§#S pmr oo»t oro voty lopto«» 
iRirtio ••«iiiiig tliorolif tlMit ttio oooirol pvwt of fro^noner 
gtotrilnttioii onovo « v«ry HHOII oproagf 
m*imtfmmtm or mxmi^m 
wn* et «iT«r«« t|rp«9« Br anil t a t i t t in gr«fii iiAliiiNltir 
nf «iiiipt«0 uttillttA ftr« **n9nii^** «• sotvitl in. |ti# MitMi' 
flial i}i«|r mmpwltm^ mm^%%%mmat» vtitf^ air* of t9mt^§m»m-
%m ummt B9fi^9 tmi»m t» thtm w^B9tf <Fli# t8«K 
eg}: ft 0$,Mi^jnmt f0otlo§ tiiiei: tiNi»3r- tontiMlis 4MH f^^ iMii.ii«l. 
C<|K«rl«t ^i^^*^ triMp«iit» and f•leper*) • • • • I I • • i a t t * * 
of ^|0goiit« •oiMiitiicist* « i i i i i#r i t i# e«fiMm»t^ •H^i ii|^t« 
«&<mt ill pmt ••Hi of ttw voolr %|r ir«%WM|« VuvtimWg a l l 
tttumitioita %«t»« ]^i •uett tooico and ftt^iMiovoiio liiwttoiio*. 
i&Mm&f * And •tltjr oo»i«il««| M«»i6rt i^ •t««) •xl«t* 
Su«ii •rvRltvi pif 9tm99$Mi%m%9Vf 9f^l>lMi«« 
On^  wttr of el»t»if3rlaf tft^»^ *iqrlbrie* «x«iiit»» 
•ottia !»• to iptor* tlHiir litoi«»io «xui ••i^onate oowponowli 
•iia plot tii«» ta oti»to»fiy]r t r i«»i iof * •ttmt r^eft|«iil«tini 
t1^ •xtx>i^«titi«l doti^tsl ooitttlliiAitiif to too p«r e^at* 
fh l t 8»fo««<Siif« vouliA ntttuntllf • i i t«i l mipinovoloa of on* 
iaport«fit (voitp of ooii«%ittt«iit# oltliottils i t fomo ma 
iiiWf%9mtAf • id^f l«Mit pmt% oi t%» irmtU mm^ htm ^mttmm* 
m»%^ viipilft^aiie** fitrtiiti'f tm a^ptinf t t i i * pw9%memm 
mm vottia alto |«»la|if ii«fl«fit tto* gmiiiiioiiiA efmmmtmr 
tft tilt •t*»t}iii4i4i $m.0 « ^ llti«»t0iie:9 uti&olt i » iMi ii^tmim 
in ti l* fi«Jia a* milt tm tn tlilii m^timM* %n %h% «p&ttt«iii 
I 
Qf ttoi «iftti0rt tbi« iiriisr of i»lii«ilf|^.»t> t|i*i# foeiw iN»il.d 
m% • • I f • %!3t imvf&«i» far vHieli el«tt&flaa$to»« utt ttaHa* 
Anotliar war <^ ' taet^liii. tb« ti^l>l«a of «lr«iiaAfft<» 
aatlQti at mi«ii ^f^wi^ foafci l» ta t«lui tA% ttm fraiiaiftifir 
«0i}»t&tii«iit8 iato eoii«ia«rat&i»B linrttf«i}iiv« nf tliaif 
^mtrft 4»- or lBtrat)a»liial. «tiiiraat«r« ft itt ! • at^ ^mi in' ' 
llg« ilili la v^lati f ha t«o mf^m&^rB of iha t i iaa i ia ^palaa 
^ OBH r ) tas>3rafaat Aattital '^iiart«| ^ar ta t ia aaA aHa^ rtp. 
aa6 iala^ara ra^[»aett¥alsr abila tm %tdr^ (pata 9} 
rapraaanta tm Ibiatanle aanatitw^ta (faaati aii# faaiA 
pallata) at tlia ra^« 9ba trtaasla ia iliaa tfatviaA 
iota two {»arla ijr •a.ina af a l»l«aataiia •» Aranila *>faiiaa" 
along tba 50 par aaat biagaaia canatitiiaiita ilika* 
Potata irtag ia tba trlaagia af ahiali B ia tiia tipmt aai 
tita faaaa la ttia baaat ara taiaai **tiaaatoaaa* asi ara 
alaaaiflatf aaa auMlviaaA aaaar^iiiii to tlia aaltaaa 
pr0pi»99ii liy poili Cl908)« raiata fa l l ing o» tiia atitar 
alda af ttm ^faoaa* ara fartliar aalDdiriilai an llaaa 
%>raadl3f aQii|>«rabla ta ttiaaa aaggaatad tojr Ila9riaa (ll^8> 

fRfelt 10•• •• y^i}]^ .^#^ 0, ©|»»etfi0«tt«n »f *'Byl>riA* A-»BSst.t«ii-* 
»ii!i»t»*aiiT»»S.i^t»W'yij!yr*'*»#)!iiii*»iwiii<iWi*'iWi"iM'iwii»i»ii« 
fftitp-f^ F#liip»r wtitwpmt iP«i«p«r 
.^ 8^ <10i to * .8||# > SSfl 
HlWIW«l<l1tllMil>l<-iBi*W'W«l''W.llii»l>>«».»»-1l*iWllpi«plW'»ll.»li.il|i|ilJP 
< 
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«tii,tl4i»8 i9 tml ««rr4i tit*' $)«i.rpi6ii# 4i» tm m» •%%<» urtiititt'ii 
memvmnmnmm 
•Hi r ig* is vl^ i^w* t ^ l r i»»eitioii in lieBrl<t«*« CtVdS) 
«t«p*tfteatt9ti«; Btnm ftt* i««k fragiNiats confaititt'^ %n 
m. 99' m 
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vmu wmmh m^mB 
pp«liui m^pBrn $^mP9%f mm'^tm «»• tn 
8»ilr«Mkta 4MI* mMmmef tight* Xii* 
^ui' ii«M»9xi: nt .'^ li^  .ip^m* ^mttm: gwrn^mt 
t» fl«fti i n in*' ««MHi»t* 
Mt«^» l i s . 
ioittli et lb4|MHrt 6jrtti«i4 Wl«»l«« s is« 
mm ma tiil>il« mm fidtpt«n«« t» tlMNi| «ai •f«i^l«» f i ^ l 
on th% tim» lulii ini th» f»l i^«r pnl* tn tbt ^«i%« « 
#0 ftti l ivitttlo t i l* f l « l« «i ipiiitis «i«iiit« «bfti# tiM 
roftt «i» .iiil^airiid««ii« 9tmm i« ii9Mpi«t« iir««iiii«iit^ 
tmm rnhx^mko^ to ^ « ^ « «t<^it# and i t is posBtm* ttuit 
wm%€ umm tmtm wltnto %m fl«l€ of mhn^wimm^^ 
In tlitfi «eolloiit« tito iroi^ ii i s aciii to etmpHm 
me^m 140 to s© pot* oont)* foliip«r (traoo to 3 iwir oontlt 
fariiip<iitt«' of fti.onslt«' «»« ohoirt^  (troooo to 9 POST <»o»t) 
aail Btiior oceooooriot Ctroott to t pms- o«»t) wUioH at* 
eoiunnioi tototlior oiti itr %r eoloi«ni ««tt>oa«to or tmm-
oad#i otntat* 
flio wotfoYaiolir to poorif «ott«€l ipurla $r«iis» 
in somo OEiootittiio WTO otiar^ly anpitiir m0 of ton oliov 
tSoIioato oonoffto ofigo* <floto HI* #!«• i|« ^if%i]ii 
ffOii ttio otrooi diftolopwiDt of «ti}«itio«o osittiiotioxi «it« 
prooonoo of oo&dnlor inoXooloot vttMii tHo grotfitf « 
imst aejorii^ of dotiltot ^oxts grotao »ppmr to Ho 
of «ot«M>ifDltio ««riv«tioii« 'ihlMpmm mv iiosiiir 
vopiroioiitotf hf iotfio plofioolaooi ma ttioir iroitio mm 
•iiD-»i«tiii«o0 to «iili{i8«tii«r« Boi»lAooaioiit ^ tli« ooflioiiato 
eontiit i» Hr aso )M«iia~oiii«n«ii^« Imt oooom nargiitoltir 
ooA o» « fofif MiMill ooolo* Hovovori fnmiifatt* of 
m ton «» 
aliiiiS' tii9' pttti.ii;i' m^mmMm 'tmtwmm^ tW maritmm «{Mif^ !i-mst 
tm %1m •IHE1I»II«|» iiMi«ii$«tt fmwimtf ^f tim HftitttMt 
-Wm •m$mm^ of « « M » I i^riMiwnl iri»>t#8 «lf islA iil.4ii iHilt i . «p» 
fiiii. m t * 4t ^ F mm%m . ^fmliM «i»iitiil0ti3i. ««iM»it to 
i# *tl«ii|* In im iMbiij»liM(i:i «aiiiOB«i« ^mm C l^«#« M f 
trnt^Bummmmmti ^i-nviii «r«iitt# to iimt^ liwittciiy ttan lit 
flit floating 0f .^«irt« «pit.R# .tit: «o i^iltiiiiitiit •nrbnitfttt 
b&m^ nan !»• • t t t l^ t«a ti» iwttftiS I9IBIM« tQ l^i «• mK^m»iV9 
««pitftti«si 0t i t iP i l fy«iiM]il# ia»a «««l»eiiiit« mmA g i^ilttft 
itt *ff«ii«««<m« «eil««t«»lt» jyi f l , ^ c« ««f1iofi«^ i>«iMiii|. 
eMWMt tfllt t » f « f l « o f 0 y r » t * t l l 8 l l t l M (ViA<l6lCM-Micit-,%|94|;t| 
j^lii«f<iirit t0€f) Mm #st9iisif9 f>i^ l«6«ii«]it of ^iifts 
gmtf&B W iim ciuf^attt* «Ni««iit (Ali«e% It44| lfl«li»l«»t 
i98i} i^#t«i|oliii| l9iT| OiHiJtt m& SH^mBtmm^ lOftt} 
In %hm pwmtmnt €>{»tit«xit hmmwrnp t^ ^08»il»ltliy 
ftltion tltrotign t i l* sgctiiiy of uriit^ is cnttd mst f lr«tl |r 
twiiaiii* tilt gmim' mm- 9hmiptf mtmAmr sm0^ mmm&if 
hmmtm t^%w mvting ^^ p^mm ^ l i i i ins m^. mptftt^^ 
mp%%»!^tim « i f e i i^ l fffgntittp m^ #iilei$» ffAliit I t 
•t'90 ^ t of t l i i pi«atliit- %«i3iai«« «p««l'miiiif. '•i^tn Mftli' 
Mi i'li(»«t «fei«li poittiMi **ii»iiiiil« friii«»&i^f «f« ^tsiifoftiti* 
ttpunii «ittt #& tis% «oxt%«l» 'KtotiHtiA oiflelt:« g i ^ n i i^|«li. 
mmM $im n^m to em^^nmtm emm«^ «f l«r 'iNMivrtfftlli* 
«fttt«gi« ilM t^m^mmp of eslolt* to fot^o ttMi flotMtal 
gi^ a|i}» opoti 'iSiio to fomt of #i!^C'liilltt.*flo» voottf ir»;iiilt 
$m- tlio otttfltoriiii of «IMI tm^nm «ai tlio |}i^ii«B pn^ii 
vooltf !>• f^tidoit itt Hit poo«t%lo OftlocA ortontfttioiM^ 
fIW' p'yoiio.rvotio»' of opttmt mn^imiw i«t9oo» tiio 
«l.iiottr of gratno «M#fe .now 9&p%m •«|iox'o««#y ioo* agiilfiit 
EKto»ilir« toj^loemtont of #titrftt«&. ^ i i r i « §imtm 
%f eor1>oaait« ooaont^ftititi 9ppmmrB to bo tteo soot |i« t^»«|»l« 
oouoo for tlio diofttptotf ti«tuf« of ttw fro»««roirti of ti it 
irooiio mtftor dioouooiois* Sioeo ttio 9hmtpty amgAtmt fvulii* 
vitti aolloftto ooiM»ig« o^ot i «(ml€ not iicfo osoAiiod »ot»i#» 
ing ^ f t i m <ttoi»«roia.t I t follomi t ^ t tlilo notoro of tNi 
gr«&fis 0mf9lnvm$ ^ « «« pe&t4^ip&9%%ieml pmim»m$* 
Mmr gimltit nt* ^psrii»n«it« l»r ttkln f l ln i of ««l«tiiB 
«Mr%i»ii«t« iiiileli: htm mplam^ thm ^wmm$.mit%f fmm . 
al l mwmUom tsM «loiii trMpttifv* CftatvUf, 9I«* 4) 
•tli^ Mif»ft in f«^mir i>f ar«i»t«eiiii«it l# tti# i»t«««tie« #f 
••^LS #tffi«««rt Hi sliaitlr tuipilar ^ i « t t irntnii vi^ li^ lit 
f«riMiiii^ttt viMHf im mmm epu«i9^ #ft«tii«li«ii #• t f t n ^ 
flitt if<ea» <Hi^ €t 0«ii«iit«« artalt t i «|io •ti«r» 
]Pi9liUBiitB»it:l b^iNMSMMtin tmt t# • .•mull <l^ ff«#» tfojni 
mmmm- tm^ €»^m%m% mt^inm mx$ m t i l l l f t i t tit tlii iitt«f<^ 
wp9im9m mm «o4» of ^mmwmum of the Ar^i « x l ^ ««ii«idl 
ttitif«tt« Its 4iiti«itt«|ioii e»0 piwiii^itati^^ imm. mtuM^m 
§M en. 03Kiii.iilt][t mmiw^mmn^ »tkth9w thm I ta ^airiirailiiii 
• • A tint d»t»ltiitt fsuwi %tm mmim* mmm» In «i)#DA««iiii 
irli«f« iMtll «M«Qt« oetuir t0««fii«rt «ti« t t ^ oxi4« t i 
•Mil te v«9lii«« lb* «tti1ioti»t« liieieatiiQic m% 9»lf tlml fli* 
foniftr i t rotmgtr of tli« t«« tm% iHm thm %1m f*i«ii|pi»mi 
• • t t r l« l %tm$ • • solution* «B« not «s f lat «otrltii|i« 
fUt foregoing ^Mior&^tiott m0^99%B tii»t vmp%mb^» 
pl«et iOEtAOitirfly' m^ «• * twnti'ltt' t l» i^rigAiM^ ttxittfiidt 
•diriifil And iion]iii»«»«t o^t^ *^ ^••ft w<^ ^ iiiiltt«i»i«tA In 
lit tiM finwiiit •tttift •Infill* Atiiiiit«i «kr« 'iitft»«i 
ft* tto i^w ^1) in iMtti«li %^m I * «it ftiiMitsttiirf of «ieti'«li«siii«i 
tii i e«i»ttit«« «if iilt# Uliaifi s©rt#« (talilt ta) ta l l «|«M» 
t i l l* aeffntttoiat *{»i mm. el«ftfttfi«a eiseoriiitf te tUt plem 
m.mm^mmii-- •«rli«r (fig* tl^)f 
mxt of 3SI iii>«etimii -iitttaiftdi i f mrw Mili»ti»i#tti* 
i^i^n ttr«iilt<^t ^ fo»«ittf«ir«tii 'firenit*! 4 «itl>«Mrlio*i» 
easA T Qo«tt8 «r6iiit«« te tti« folloniisg |>«ji^ « ttni 
tog«iii»r lifnatis* tiMjr tlK** Tttr «lo8« affinttits l^tWMii 
tti«i«et'r«« fin<i. fttt gnKMitiottii iMit«««ii tii» two* gimmw mm^itf 
WOT thtt »!«• if»6Bozitt| f|t}«ytt cif«iitt«« «ii6 init»w««1ti»ii«» mm 
«l«ii atttri^fd lander «'Hiiigi* liitiMl^ . 
i 0 « *• 
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FIG. 3 ( X 40) FIG. 4 ( X 25 ) 
mmmmmtmm m WMB ii^ fs^ ns m mhmmtmmmim jmmim mm mim msmm* 
mm. mmm%$a t^m ii«lof i«« Woim Wbm trnm^imi^ 
wm* % m»imim%m%f mimiL mtx%m .gprulm mm ^mtm»%^m%f 
. m9^^t9A nir mt «j|^«liwi mmmu wtmmm^ «f 
wKumsHm mm iaiit aai •ttov fi^ ^sw^ #IMI« 
mmi^% #«» Mil* «orini of Hail* Ovillnsry l igl i t 
4S*i«^t*l Qttftrls «i»^ f4i|ai^ .cr gmim^^ worn loiil f » M i i 
-tOmn&mli mHm^w&^tS^timm «ftl9i.$* Haiti 
f«|iia« f»t' tttt' m&k fuii iff ttit ii#st tin^^iftttitt e0:fMitttii#iit» 
f tot gimliit MM) MslM^pildr to ii8giil.iir ii»4 iwiiif lii • ! « • 
rmstw^B-mB M&r tlie pin® o£ tlm «r«4ii« «^]»tiir' to ^ pin«ttt|r 
beo»i£'iKi t'^tt# I t mv%Mnem of I t r j ^ ffO'^t pott iNipotltttstl 
X^platem&iilr W ^^ ftioiritlo ^>tt C^^^t i l l * i^ l* i )« Vmw% 
iparls gralDt ti»p@tr to lit^ . #f «tt«iK»xi>Itlt a t f l t t i lon t t 
tfmy tMv C&) throng tti^ .3r ta^liiotioii ( i ) H t f i t tltngt** 
t i t s ratio nut (3) atitialtr iteHutioiit* A mmkt pmm^t^ 
$1,011 of tlufNi tbowt' tJbiupp tt^t]sot»ioii tmi oonlit&itt itittl.titiuwit 
of tiytomff vutitt tm^ tonvittiiitt* Siitli $r«liit mm 
tQSgtttitt of i t i t i t t t t i^toi i t lUnritttion titlioogti t f f t t t t H 
Mibtft^utoily %f {>iit»tt|»o%jriit totioiif g t i l ty f f j | | . 
Ci9it| 9f 1402) titrtf liottrtr» poinlod o«t itit oiHrtalttiittltir 
of d i t t io iu i th l i^ b t i t t t t <|ttarts gimiiit of i i f f t r t n l 
tftrivttloi$» lint ii^ %h9 pft i tnt stts«j $iit $«t vtartttltt of 
^ t i t t art oltarljr 4lttjitgitltl»blt tuft tfotir attoeittloa 
vittit ^ i t t i o t l Iftotouo tuft ttttitQrpHto tu i t t of tttavy 
t i o t r t i t »tktt o l t t r t t i t t t dtrHrttlon tmu tim Pm dif f t i t t i f 
^ u r t t .roti^« 
iil#iro0liii9 mH! «o«iii' «• I twi ,{>%«|^ «0|«««« '6ral-«i# ^mtf 
in 0tm^ $mm 0«ll t# '0«t I M ««ia •tKni • Iilgli lt»gr««: « i -
lidtt gttd-«ii MTV m1>irixi}tt<l»d to tntiiiiiifl^' «igi<l ^ mvy l» 
• ! • • iiiHi Oti %<> i«0 Mi« 
t# HigliEr ir«fi«^l« And tma^^m fitwi fil^ oitt 3 iHir ««mt 1^ 7 
ir«ri«il»lltr tti «iioi}iit.t til*: eisii^oirltloo'iif t 1 ^ fi&ttfll ft i if« 
r«»«$ii«i ftl»i9»t msltotm %n m%%' mm^%m«m 9%nMmA* 
MwmtM^pt^^B *m€t tmmlliWmamiEm «fiiiii%lttii« ttm tniltt ef 
fciMll Hv^ri* (60 t« 8S f«r ««iit) ut i i l * t in rmeikii^de^ M. 
em$»milt of fonaiiiitftr* and »«tra»o€««« fr«{pi«iitft of 
Miri^v* tlMtlii alioti l>ir*k«n Anfl «!ir«dM« nMunKinn (f*l.«t« XV^, 
'Fli« i ) f mt v«rr in •iso r^oa^  0*4 to t IKI* Dn tlMi 
miiilo* tlM sortitui of tlio iori«r sboll friEtgmtott to iootf 
to nofloirsftto and tntr *>M>V «irl<lonot of hCEfiog 1»«06 nofoH 
tmm on* (»I*o« to nnotlioir utttiin ttt« t>n»in« In eontimntt 
ti lt ilt«llii 9f f«iriMiiitfi;r* wid^  tttmiHidlip AJ» of iPtif 
QPlfoni iitset i Um9 to 0»4 «i)» ti^^ # i i t i i * mt€ •Hov us 
#rid«ttot 0i twmmpifttp f«e«l f«tlttt» «f f 'trr ttiitf<»t« 
l^t tsAil. «t.M mm- mm In. oniir on* tiitn iM«ttoa IMMI i^p»Mf 
t@ m «ldi«l|r «i»lfit»i te «i9ii»tMi<iaii»« umsy f ^ t i i l - tfdiMiBliit 
#ffiMi tt>» tfiiiMr !»»irt0 wr* f i l l « « «ltti tm mmm v«t«f^ii 
i f l t t t t lil'* »*!• S )# 
ii&at0«f3wtiilliii# #i)i«lt« mm $^pmwm t# i^ « tiM 
ptimmtf ii«t«ifiiil i l l t i t ^ tiMi tuttimii'Wit lHitir«#ii t^l^ 
immmi^ «o^«titiiisiis* JMI immliestt^^'tiiftltiff t t %«t 
^ V f t a i t t !!«&»•« tti: tiiDiy tlm^ «iMt%«ii«t»: iMtirlSi • • 
»xkm ««iM^»t* 
i;^f^:i„.^HIff»^lt ffq#.n,fil?flf^,fftt t ^ « * tw0 tuf)^ tr^»» 
o^^fviii i tn t i l * Ctiert 8«ii*« lurt net aiffciviit ffiNi 
t l iH9 «o«iit*rjp«rtP in %im WuMmt i c t l t i tiastpt ttiwi 
mm% of tlxiii eontslti f o i * i i fr«ps«iitii t4» tfet «3it«iit 
»f lOimit i i»#r ii«i}t w votiHMiv futiNi «f»iiit» tarptHf 
In • wmf0 mm tlw ^iiiM<)tifi§ ttwSt mtwem-^tm *n»wmm%* 
aiatf tm * l ^ n 4 * «r»tiit«i* 
t i l * uiiii iur)t»f %•• mm ^ 9W '•»<}%'' Mft^mm wimt^ 
%h&m $vi9t ii«0«riii«A itt ttMitr iiictiirdi aiii^  os^iiofiitlini*! 
imm i t t t ff t# f i n * #e«ifi«ii mf^9imm» nisil* cMq^vitfton^lir 
#«i^fl«ift B^ $0 StO f#r #«oi hy iri>i«ii« of iiit- .fo^* fIHI 
0i «^| i | i« <;«»•»$ (7i«|# 1 I I I » ^ i * 4}# Bull* f1Pa||»tt 
m^ l»i.«tit« neimif i» ttw m*M te tli« taKl«ii|^  of ll(o t« to 
p«r 4r«at %f 'mtmm Ibtit tlKi fouBsir ! • aMixv' <leiiiii«8t« ~ 
fiM Cf«iii« «pp«4ur to lit ^ t t i t « l «« tii«ieiit««i Hf tti^lr 
taxi* i is t f fri^NNi •a^« A I ^ «2<PO W tm tmt Hmt tli*y «t» 
iHiiii ftue f i r i t t# i iMitit9«» %ii« wmm xi>»t«i«iil t^^ turiii if>*i»» 
(r i«t« XXII t H%* 4)« fir«iK«ttt» of i p i ^ s l t t AIMS «lHirt 
amp iiii«oinii»ii tm thmiw ti>t»l Avoimt nfttsr •xevtn S |i«v 
iitfii 1»f ir«lti«i« of tilt f«0k« So«t« plmgi^iflmtfmf to«p 
•ecnr iti misll mmmtB not ii^«M<tiiqi 8 iNitevnl* 
opal In « «G»sois e^tmst in Wlm$ «veiiittt«» I t 
9m-aw9 Au light iiifoiRi pateti«tt «IM! oeeii|ii«« tim iiit«t^ 
»l»aQe» ^t«eeii graiat* I» tontt «^e<itit9ti» I t licti 
eict«iittlir«Iy repicieid ftw 4l«tf<&$ftl. grfttii* giving tli«a a 
mhmeply aagular appvaraneat fiia mo^lm at aaeurrauea 
af apaS iaeicafaa t%»% i t ia ^itr»*»tratat $m& ia itat 
tiMi pra^at of aolotiaa aa^ rapraaipttattos af aiiiaaaaa 
aofii^itttimta ^i %fm xaek* la- aMit iaa ta a|ial« iyaa«" 
aitida al aa mmra em a aaaaatiag tmtarial in amia 
•paaiiiana* I t mppmrt^ ta hme l»aa» i»tra<itiaa(8 in ttia 
roak Jt^ tai?' a|ial haeaaaa i t raflaaaa liatli apal €«i^ d tlia 
datt i tal eaaatituaata* 
wmm mmmm ^jiiiiriis 
tiattiadalagr 
Ctuuri» la t ra l aad Mnil aanaatanaa wewB tisvaatliatall 
far tliair Jmvff BiaaFal aaamHtaias vitti tua tala aH l^aat ^t 
knawing tba altaraetailalias &i aaaH Saiiaa aatf tlia aa»paw 
aitiaaal avaluatiaa af tliair raapaativa pravaaance. 
fha tiaaty tainarala vara aaparataH aaiag atcuadaril 
aatliada autlinaa W Rniabaia aaA ^attijalm (iOdS)* Aboat 
20 gaa* af t!^ varr tlaa »m& filiation ( i / 8 *- i / t6 wi) 
abtaiaad aarliar storing aiaving «aa waatiadt <!riall a»a 
vaigliad* fHa h^turi^B wrm aaparatad uaiag Hirasafaxii 
af apaaifie gratity rg 2«ef« vaahad vitti alaabalf tfriad 
- I ts * 
and ir«iili«a« 0ra|iiaril|r tli« eroi^  oistftitiad »«• twatl 
sm& tlt« «iitir» MoDnt of Ummiem wa» p9wmim&n%%y •otantai! 
m l^ anaia ti»l*iiii« Howairarf In «a««« «!ieir« tba yi«ld waa 
|at i«t tilt «aiipl« waa sjpllt t i l l m&ut I§000 gratna vara 
aUtaiaaS' ualiig fbe. taalJiiiiitte a»ggastatf' hf laftaii (t90dt 
!»• 643)* aoo gralaa pfar alt da vara aotuatad aa tlila 
aitii^ar «aa aoaaiaerad ada^ate far otitainiBg raliatila 
raiRilta imty^en^ t00i | fatfar smS ^attijaluiy I963| p« t93)« 
flia relattfe paraaatsNiaa Cl^ namtiar) of ttia apaQua aad 
aaitapa^a ^«r^' alnaraia la ttia jbaatf arap waa oalenlatad 
aa alaa %h^ flataeataea iW fmm%ew} at tlm ittd|vt'dn..&|' n<m*» 
apii^a apaataa tm tiMi. tatal tte]|«ai>a<pa arap vaa alaa 
datafiiisiad and $tfliii|<^ad &a tlia alphaliatleal ^i^mw^ 
{AppenMM t l l ) « fita streait»toti«ii^liia*'nitiia ladan 
CiEDtHirtt ttdd) naa ealattlatad to aatabttaUt ttia ralafiTa 
iiataritr of ttia h»mf wiiiarai aaropa obtaioad fra» tba 
diffaraai S«riaa« 
III a l l f i f t y aranita aai^ilaa vera analfaad for tliair 
haffiry ninaralaf* to friMi Chart • ts im»m Spiral aad 18 froa 
naaty litiiaral Gbaivatartattoa 
fabia t3 auamip tlia aHaraatara of tha imavy aiaarala 
fras tlia vartoaa Sariaa and i0 t»aa«d as data prtffiili*6 in 
Appandix XSS« 

tliic^ftt** On «n aeterai* tliejr aueottst tot nmrtf S/0 
of i W tuti^ ttemry •tntr i i l eroi^  imt tlie rang* 'DI^ 
9mpl9» te. a* «ti«li ao 5 tiiiaa tli« n&ii^pa^aa In ,«tliera» 
flit,ttir»« Sertesi f^afeforoi eau^ot 'Ho di.iititigii|ah«d 
fron «aeti otiiar $» tti«' ^aaia of ttt« 'i^Iativa alrainlteaioa 
of jtito oi^a^o asMS no^a^a tmmy ttinonaa* 
fito 2lrooiiwifotiiiiallea*ftt).tila I n ^ x (lalratt t9i3) 
noalniiraa tiia oanpoaitloiial mnttntitf of liaafr aliiarat 
aaaiieBiagd and haa li«a» oalotiSatall for aacli a»si>la .aii:d 
«irttx«iad for oaeti Sariea« fite valiias vara olitaliio4 hf 
aiKlifif tlM paroaataca of airoeitt toaiiialitia andmt i la 
aBOiig tba aotiopaQisa fraetion of tua bmmff ainaral crop* 
fha Cliari aaMploa ahov a rasga of fr4Mt iadax iraauaa 
frcm 40 to f« Imt aoat aaaptaa (8 out of tO> aliov a 
raiiia fros Sa to 66* Tba avaraga valna ta II0«5 
Katrol aaaplaa aiiov a wry irida aoatar of i«*^& Indnu 
iraiuaa i^ieli ranga froa 16 to 03* Igoorlng t&a two 
aaaiMilotta f aluaa of 16 m^ H$ tm umaintng 16 valuaa 
f a l l in two atiatylf tfafinatf gronpat oaa rancing trcm 
34 «9 08 and thtf ptlmr froa f t to ®a« flie f t r t t 
gwoop «i>iattfiio« f irttlwcs wiifteli give as inrer«f« of 49 
inilto tim soootta oQBtAlos « Tsliit* utiiotk ovorago up 
to i t * Xt is oioor tii»t mm» mtmit l»«npl«# oontalii 
ooapofiitloaalir iMiattifW htavy minimi «8»««!>ta«os ulitlo 
fi aodirly oip*! miu^or eontiiiii a aaturo to vaiy nattii^ 
aa«o»M«go« Biroadljr apealtiiig tlio f i ra t gioup of aaaptaa 
0G9«t firott tlio b&aa iriilla t ^ aoooua froii tlio npper p»H 
of tha Kati^l Sairlaa* In. aaMplaa fmm tita Blml' Soriaai 
ttia S«f«^ indait Tarlaa tMitwaati $4 ^tf 80* Howairer, i f 
oitt of to aosflaa ahov a ranga firoji 6$ to 66 and an 
anrorage of ts«0* 
la tama of ooi^oaitioiiat met%nr%ty$ %tm aHwra 
aata la<lloata titat on an avaraga tlia haavr Mtfiar'iA 
aapaoililaga of' t^ tia ph&r% ^»rt%B ta loaa iiatnra' ttii»i' tliat -
of tlM mm$^ f i t r tNf tilt fiaaal far t of S^atrol Seirlaa 
ooutaitta imiatiuro and ttia mpmt pa»t "wfkw natora 
aaamatilagaa* fito following aigniftoatit dtffayanoaa 
axiat !»etvaaii tlia ttoraa Sarloa io tavMa of ralntiira 
almtidaiioa of tiaavy ainaral apaolaa alttiongti thair Imllc 
eoMpoaitioii i t aot appraoial^lr tflffaraati* 
t> Gaiuata ara almiidaot in tha Ctiairi aisft Katirol 
Sariea'tmt aira ratliar poorly rapraaanta^l tn tha 
DlittJi ftia ratio of eolourlaaa to pink variotiaa 
^ailaa tmm 4«4 in Obarit 10 in BtniJ an<l IS in 
Katrol lariaa* 
Bkv&tt tn tli9' 'lamj 'Stxi^i dnH sii* not 
a) ^ f t t l t« I t mom fr*fii«iit in Blml tbim. 
mm tubtms^ imm ^ a r t * 
twrietr) iu^ sore fi^'Ottttit in 0hmtk tii«^ 
6) iM:tiI« |« mwe #oii@o» tti €li«n- ttnA SInil 
but Ie«» eofioioii to Katt^l i«ift«ii# 
f > EitD0» i» ii%i}]idii»t t» a l l %ii# B«ri«* imt 
At0 relative aifoiittt j^t^gr^nslvtlir' tii(e»rto«»« 
a|w)>it^. .iwea, .BiMti«ti»»mti mm «M#iiiig i^stttttn ««ott««: 
t»' mam ^ mmnt mm «!•$ iw««ii.«# i^ ^ »msf »X m .^imtlmt llnd: 
iMMi ntv-r witf* In tutu mmtt irti^ eii ««niltf ^f«»li^ iiit.lhi liwi» 
mmB^iitMtim mmmwmmm%9 «•!« t«lc«» ti^ Mi^  i t t 
iiit«t iHietoir* lit vtt7l«>tt» •£»•• an mioto • Mii»«if' ^a^% a*^  
f»r iui' p«i»i&it#» «aiilt m^t»9 «i!iiti^ii«i' « idiitaiai. «f •id-
t0«6 «'f»iir« ni'l^ft 00 en. fAT-erag^  tmt Aduw «e«tdrc 
bad to li« •xeoptionolls^ large (t€ to 36 •^&ro « i lo t | 
l»eoaitiio of laolc of i»tiital>l« ontorops or Ane to 
ojeleiioivo oiuid ooy«r»« 
@roos«i»od<lit}i i * not iroty ftlniD^^iit tii tlit CSiMl. . 
Sorloo &n4 io obootiroll in tlio aronaoooiii h0&9 of «ali* 
iortoa € I I lua^ d € I I I oitlir* fiio aroa oooufio^ 1^ 
tl»6io rooka is tlie 0abo iosa waa div'idatf into tliraa .-
•aotora ( e i to € 3) imt iaa to ptmeitw of 4aiai iio 
aaotorial dlirlato»a wore poaaliiie in ttie simrm dona 
a»<l' tlia antira area of alioiit 30 «<ptara allea waa takaii 
to oonafttuta '0»o alngla aeotor <C 4 ) . in a l l i66 
oroaa^lioMifig ^1'^ m^imuthB:^.. afTem&, mf^it 16 looalitileai 
vara aeoattre<S f r^ Mi tim C^ari - Sarieo« f lia anoo&a of ' 
Eatrol Sori^tt wem aiirlAaS into i »»^ctiirw ( Ki to IS > 
and 29i MoaauraMonte at 2S looalltlaa w»m na^ la i^l la 
tlioaa of Btml Sanaa ware dlviiiaii' toto i3 aaotora 
( Bl to B13) in wtileii 609 oroaa«i>1&a<l assiimtlia ware 
aaaaurad at M looalitiaaA 
file iiatlioa of Maaaoraiiant of ovoaa<*lia<Idifig dip 
asiiiuttia varied froa eat6ros> to outorop dapandiiig upon 
%m nattiri of axpoauraa^ In osteropa i ^ r a tlia foxaaat 
plaoaa vera axi^ oaadf tlia dip aaimttia were Heaaiira^ 
difaatly witli tlia olitiotiatar ooM a^aa^  la saaaiwa 
p%mm wef0 m^mmm^ .In t«i» iio»-p&ralI»l te^t id i i^ an i tMi» 
antimitlt «»4 awmiiit of tite finni)^  'dtp iiiMi ittteiiBliiei a'Hi'iii 
iwi «^'fft. «^ ir«« Seiiiilii$ ii«t* f l i# sip asiwitli's- wm*^-
mww^0tm^. tev %h« Hip tm& i|plciitg« of thm i t r a t i i %f 
flie Mp mmiwmthB of mm0»*'hmMtmg i&wmmt ptii»«ii 
f li« f «<stt#r iieaii. a%|iiiitti C 3 ) ©»€ ir«et0r aognlt'ed^ Cl«#) 
flk« tme^tttf mait «m%i»w*^iB0 %reafr t i t of t%t dtp &ei«i't%i 
of tilt«HBor3r«e'l«<l <i3m«8*1i*ddisg dip nclnii^tlit at «ft«tli 
l0ealtt|f« •eotor and Is #ae1i B«fie« ! • stiibiiii In f lg« I f 
* • eiretilAf^]^l>$'Ogri»im« 
I» filmj and Kiatrol Series •<»•% HittogrMBft 911011' a. 
'fiefif«»ofii&i distrlti«itl0ii. 0f dtfi. fi«iittit|i)i .l>otl^  at t%a 
otit«t«p leT«l tmd tli«' aettor ieir«l« Sii: tto« fdfwiir 
s«rl««t ^mv ^ ^^^ ^^' 'Si <N9d 2 out 0f 13 l i l» t0 i r« i« at 
ttie 0iitef^|> a»d •aetor lairela recpaatlvaljr sitov a b l * 
«r trt-i«i#d«l fr»tii«»eF ^tt%rtiiii*i«i!.s. 
•• 1 3 1 . ••'• 
feta%9 14* • Vector «e»ii ( e )p ITtetor Magnitude < t ) . 
SteolliSii! aevlfttioii (a - ) aM VarioiieeCS^) 
of oiros»«»beddlog <lip aeiatttlis* 
s 
IWUIIIIlllllplMffjII 
16 2t8 93 a t .8 
10 082 90 iS.O 269 94 






10 2t0 95 23«0 
16 266 97 19«0 266 96 26 629 




f 24 248 96 20,0 
6 27 260 96 20.0 248 99 16 226 







10 284 93 27.6 
11 263 98 16,0 
11 268 96 18.0 272 96 20 
11 264 97 19,0 
18 269 97 19.0 
14 266 98 18.0 
400 





26 263 09 18.0 
7 262 99 18.0 
6 267 66 16.0 172 91 30 
6 270 99 16.0 
900 
*• 128 :•• 
'Blnti 















i n G ' *^ cr 
t i S4S 0? 19.0 
i t 241 96 m«d 
e W 18* 
6 2^6 OS 23.0 
i4 sta f a 49*0 
24 270 03 27«i$ 260 89 S i iS^6 
m 28i 94 26.0 
20 260 §6 20;0 
22 262 m 26.0 
21 262 96 aO«0 27f 91 30 900 
9 297 98 ta.O 
f 28i 99 tS.O 
18 2S@ 98 18.0 
18 264 90 18*0 
14 207 94 26.0 266 97 19 361 
22 266 97 19.0 
21 269 98 18 «0 
21 279 99 18.0 270 98 2i 2^9 
6 277 84 39.0 
88 20 296 81 42.0 





•^mmmtmmt-miMmmmwtm-mmmimmimiimtmi • Wl<g|IWtgii!lt:i#ri<ijfja;ig|iillj|»<M|iijaS^ lawmTBiiliiiiiii cr _ 
illiiMUfc lltlllli'ii! iMIir ig Wj 
mm m lost 
«»l«KII»ril>lirlii«*WjmilWIIII-W'«»ri|>tri|>|»jiiM'illlll<ii»l».!l*l)t»lllll»l>IWWi«W!IW 
m» m m nm, 
4S ^ ifII is tf«i 
ilMll MM 
4t 11 iSt •« |^# 
«f f dOii t t «3.0 
i i l« nit t i 4i«# 
m m mi m #»•# 
ftti. 
i j l i l i »»ii|r#)«>,»iii-:<(lrf'jiii<ii <iiiTiiii<>iii!i»i'.fllfc m'm tarn ff»#Kiil^'<>MW «».iWi<W'*»"<ig«lp:»i*|W^ mi0mmf<ill*i¥^i^ iMtai'WWijWiiKW Mi i jW^ JiW WiMilii'iwiiiii. Hm 
$$ f M« m m*^ 
m m m§ at ^*0 
Si If wm #5 ti*ii 
«i(4t) sf f as m da## i^» f4 40 3ici4 
St t 9m 8f 8a»ii 
* 124 • 
Siirl«« l M Sect Off lioea* L ^ 
wirmimxni HI HI iirn umipiii ••—«TWiiw>iMyiiiii»iii»i>» .iwiai mtm»mtimimmi'»i»**''l*t>^ 
$1 
17 4 93 29.0 
36 6 9S 23*0 
7 30 .99 i6«0 
f i t 9f 19»0 
9 9S 23 i29 





K4(S0) f t 
72 
78 
7 JIO 99 t»«0 
iS iO 99 tS^O 
6 36 96 ia.O 389 64 58 3364 
8 to 99 t i . O 
a t 333 72 49^0 
22 362 69 31.0 
6 26 98 16*0 
0 344 99 i i .O 
7 16 96 i6«0 
7 19 96 16.0 




K6(86) 77 14 
78 6 
79 10 
26 99 16*0 
30 99 15.0 
26 99 18.0 
12 79 44.0 
23 98 16.0 
4 89 31^0 
28 91 30 900 
ptl>>Btl»llirwl»>ll»|»M«»lplllill|l|lll»l»i|lllL»lliW<>WI>l"lll «» •» •« • »l*wl«>>liilWillli|ll>w>tl»w«Mii|«»rllii|i>ii|«.Miii>l«il»«Mwil««ll«><P*i 






0 6% cr 
i#||IMilWi<ll«*<MiWli«WtlW><liWillllpWIIWliil 
10 190 d6 aO.O 
i t 199 88 36 .0 
f 205 94 26*0 807 4S 72 6464 
0 197 94 80»0 





17 199 6B dd»0 
6 197 06 S6.0 
10 199 96 20 .0 166 
6 144 94 26.0 
16 296 





9 210 99 16 .0 
7 171 71 6 0 . 0 192 66 m 2916 
19 192 60 6 6 . 0 




7 161 60 62*0 
10 19S 98 Id.O 196 76 45 2025 
6 240 66 20 «0 
- t2fi -
Mlr«wi««| i n tm Katro l B»rieB 3 out &f S6 and 1 out o f 
® tiielogifiiai* ftt t!io two l«w»l» sro %i» o r t r i * « o l i e l * 
Sn eontr i i t ty ]soii«veri ero«9w%«detiig ai{» as i i iu t t i * t i i 
mmwt roolKt lUfo smelt iiOiro lifiregnlarlsr <ll.»pofo0 InaMmielirds 
f out of m t i io to i raus a t tl io outerop«l«v«l mme 3 out o f 
4 At t l io s to to r lovoS dire f>|- o r t r i « « o d i i i . fbo 
l^olinoa^l a io t r i lN t t io t i o f «»oo««»l>oaifiitg aip osstintttis 
tmmm tur o« l i t s igo l f ioe t t t mwAmw of ttoaptot f i ^ a BtiuJ 
find Ent ro l Sories omii p«niRpft« bo e t t r l l ^u toa t o «oiipl«> 
tag biao* EovotoFf tbo p o l j ^ o ^ t t l i t r o f a i a t r i l i t i t i o i i 
l a th& m&ri w&eU» f • a eomoii una s ign i f l oa t i t f o a t m ^ 
m^ .ops>oiir« t o &#' 'relotod t o faetorS' aotetmiiiefi' am 
o o n t r o l l e i ^y tti« aopoft i t ional oinriroii i ioiit as t l f tboratoi l 
t « t i l e fo l l ow ing oboptor* 
ftm doctor laoiiii oro08«>i>«a<li»g aip mwimmtm C e > 
at variotts oittovo^a of t l to mmwi Sorftea wa*y f ro» 144» 
t o 840* fewt alNiwt «OJt o f tlsan l l o batwota tm* and 2iO», 
t l ia t tOf a i t l i i a 80* o f avu. f l ia aoetor»to««aotor 
v a r i a t i o n i a Mp aslauti ia i « s t i l l a i i a l l o r iaaiaoob aa 
a l l t l ia iraiuaa l l o w i t h i n Zf of are toetwaaa tee* mH 
80f*« l a tbe Eatro l Sariaa t l ia oorrasi>oQ<iiiig <raliioa a t * 
ooaparablat *te« oat©ro|i«-to*-owtorop war ia t ioa i » eo^ o f 
mp aalautlia Haiag f r o s 333*^  t o 30* {m** o f are) and 
aaetor-to«»aaetor y a r i a t i o a i n &&$ l iaing f i ^ a 860» t o 
as* C2fi* o f a re ) * fha range o f 8S^ veetor aaaos a t the 
otiteroi» 1 evil I in Btni| Swrle» In tmm 3148* to 266* t 
i&at i«« 40* of m^ «bi l« at the «e«t«r leirel i t goon 
doim to SO* of are* the values t r t » i tietweeii 260* and 
^60** file grand veotor aoaii dtp eitonstli vatitee at 
tfte Serlee level are i9»*f a* MB« at2* for tise Ctearlt 
Eatroi and Blni| Serlee reei»eetlve1iy« 
fke a^ove data ehoif tHat ttie dlreetlon of 
eedlttettt tranaport aa deolpiiorod froai oroaa*lieddi.»ig 
dip aeimttlif reitained oooaiatmattyjiiaifora^ in aptMre 
mid t ine dufiii« the deposition of tbe iiidiiriiliiai Series 
hvtt it vat aigniii^^eantly different t&r eaofei Series* 
fUe oarrenta reaponsiMe for ttie depeaitioii of tba Ctiarl 
Series aoved ftos K IS* 1 -towarda S 16* V irtiiie tttose 
depoaitiag tbe Katrol sod SliuJ Seriea ttoved froa Soixtli 
to north and West to Sast respeotivetjr* 
flia values of veotor aiagnitude Cl*)|i whiolt are a 
Measure of tbe oonoentration of vector asi«tittiiSf stoow 
soae interest tag trends* In tiie Chari Series at tlie 
Otttorop level 88^ values l i e between fiO end 0991 wbile 
at tbe seetor level» tbey range between 49 and 98fS 
indieating tberebjr tbat» hf and large« tbe oonoentration 
of the dip eziKutb is greater when saatler area are takm 
into a<»3sideration and vioe«^ersa|; In tbe Katrol Seriea 
B4% h valnea ronge between 87 and 99^ at the ontorop level 
wbile at the ssotor level tbo range i s f ro* 64 to 95$l«; 
In BbttJ' S«rle«» 90^ iralti^v i l » 1if>t««cS' #& aed 0@^  «t t'tt« 
ocit#rop l«ir«l <i»S l»«tw«<6» 62 eud @9|$ ii$ tli« sector I«¥tl« 
file ilatai tbtiSt io4ieet» tfiftt th* eoite0»tra.tioii of dtp 
Citari Sttrltt* l»otlt at outciroii and neot^r ley«is» 
iratriinioc (S^) of eini;S«**b«#dliig 4ip astantlief -fliieli 
in auwerieal t«ims i t tiit vquar* nf ^tmiiiarA dtrlatiim ( ^ ) 
neAsctrftit tine •iiatt«r of tlm iliiia «i^ o»t th« v«otor »«•»• 
Xn Ctiaxi 8«ri«Cf %1m varlanoa ^ in diff«r»iit •e«toi« rasgcs 
betweeti 2o25 iuaH 11464 vitb i»»l|r «»« aecwoii&iie irmt«« «f 
3S6 «liil& at thft laritt* l9V#I i t ia 2304* In 3 out of 8 
.•e«tora af Katyal S«irftea» tlia valtiaa raaga iiatwaait 8S9 and 
900 «rlE^ ila in tiia rtaainiag twa aaatom ttia^ mm as tiigh. «M' 
2i00 and 336#-« i<ha ia ia i v^ airi.fia}ao far Eattat' Sariaa ia " 
t4S4f In WmS SariaWf tba vari«»oa of aip ajsiaititlia i« 
liatvaan 205 and 000 i» 9 saotora irfeila in llba raaaininf 
4 ttta valitaa l ia twivaan 1025 and l6Si. At ilia aarlaa 
lafaif ^^ veltia ia i7a4« On tlta aliolai tlia varianoe 
values in Katrol and BliuJ Sariaa ara aaitpairat>la and af 
a iow order of nagnltuda aa ooapared to tha Cliari Sariaa* 
Minor Gtirrant straaturaa 
^ong tlia sinor onrrant atmetitrea naed in ttta 
praaant atttdy for supiilananting ^aiaaoaurrant data 
oMainad fron aroia«*l»adding dip asiimtttay tiam rippia 
* i ^ *» 
•Mil, atoi|; itt'lts* Vtint* I t 'tflMHiii H M :fi^Mi«miFf«»i 
til' ie.«li »iMmws^ iit»t -Hit' UMitt' li^ iiw^ lurtaB lit Wm^ -fmi 
IHit* u t i ^ §^mm' i ^ t tii^f-l** «i« mit x«M«l&« 

mo • 
Pajflian. titt»»tAoiii _ Part lug li»efttt«ii« a« seistioiicll^  
•ar l i«r t &• a- ti»« w«^ «trii.ot«ir« I t t a «y)ttiatifl«al' rl{»|il€»«t 
fm& i t # •ttt% giir«« omty tlia Itiie «>f tti^liiKaiit tri»i»i»oir| ' 
ra$b«r ttian tlift »e»»« 0f tfe» flow direottt^ii* flie r«iati«B« 
•Mp &f t M » •txitotits'« vitu ttid Sireiitlot} of imrraist f&<»v 
was f irat danonatratad by S< r^tir Clot's) wb® fauad tlieit tlia 
tioaation «aa fomatf parallal to the flait of tlia aori«iit« 
$lbts aanolualaa %&m Itaaa iMfDlir -v^rif-ia^ iby n«tiiaratia 
atiiAlaa aona ^jriag' tlia taat twa aaaadea Cstaliaai t94f § 
Cravally t9S8| Fallatier tfSif Mairida. ana faafealf itStf 
i^ aQlirtiaKit t9d3i Mla»« i@fi)« 
Parliag 'lieaatlan'ta »0t nalt iiSairaltapai In tlia 
araitaeaaaa ^&» ot tlia €lbarl Sariea mi4 aaa al»aarta43 
aatf at tiva laaalHtl aa « ana ta tHa aaatral paifl at tlia 
I 
SimrB 'Ciana and tlta attiar i a ttta. nairtB aaatavafartlatt of -
tim EaUa a^aaa* At Isatlt laaatttias tha tfaad at ttia 
Itaaatiaat baaed en tS a%«aivatiaiia| waa f«»sad ta l>a 
N H* t « 8 6* w viiiati agraaa wall wltn tlia diraeilaii 
obtaloadi fraa craaa-'tiadiliag <!ii» asianitha* 
la tba u^per part af tha Katrol Sarlaa tfiia 
•tfnatiira ia aliaarrail ia tfaa f la t liaddae aaallataaaa# 
no abtarvatioaa w6iS» at 9 loeatitlaa gliraa a triHio^al 
tf$atfltiat&aa oi ttm Itneation traada* fUe twa »a|ar 
tfanda atvtka S |I0» W » S «©• £ aad n 10« ff *. s s&« g 
wliila tlia tttinlt wbleh ia taatfaifiaaiitf atrikaa H 4 i * E •» 
.0 4B* V4 A l l .itm m6»t timnA» iir«» oti' l i^ii* to tli« 
Mtmttcm of imrmm Maw oiitaiit«a fmm emm^hBMtWig 
for' t ^ l « aii»(ty«p«»«r ,itt tl ie fo l i fw i t ig aii®^t«f i n t^tmiB 
ftie«« roiiite. - - -
I n the Blmi ^ r t e s , i»liseiT«ttio»0 aa^* at 0 
to^«l:t i i«o ^iir$ a ir#X7 j^-jniiiiifietit #a«t«^ii«iit dirtcft iot i 
©f esarireiit f loir «n i^c!li C^kgri^ s^ ifety v-»ll n i t t i t%t0 
pt^&eiocmrrent i l r e o i i n i i * obtaia^d: fp»ie other stttinfttreat* 
%r^  Fett i lolut Ci@8t« Pf; fS) «• **»«•,#• 0is« forsMitf » i t ^ 
tlis®. ef ^epi^&lit 0» of si&l#rl6a. nnif li» ilite to tfie ori«»i|a« 
tl'o» o f tt»«. fraii0«or& «oi iei t$i}^t« i n ir«ii|»&ii8« to taremw, 
operatliis ^ r i n g the depoelMm} of a aeaiaient***••»**« 
Apiurl f to i i being en tmpmtextt toadiiral Cbttril»ittty i l t» 
aiMeiuiloiial fa1iri« of graios i ^ itmi^istoii* i s also «» 
indiostor of tlio dlroct ioa of f lov of tito aoposit ini 
oarvit i t f loidy fti 4n2etif i s t i M f ^ l in roooui t r t io i tn i 
f»Bt»«ooiti*r«iii i>attoifn» 8|)e«iiiU|r im ntvoln utioi^ oib«3f 
onriE^Dt •txuoturot aro. soturoo or wi^t lAg^ 
* tm ^ 
mm fItSillt tiiti^ltui CiW^« MMi IHH^It l^»ti^ im^M 
min^ lw«ii' «•»« ai • «ftol fflfir ••taHltsaiitti'' f^k&mmmmmm 
'mtf ^dM piKiw vnioli' ii«i«: tMit ift«it iiii'iii«ft^t 
td sttMiiffiilMi mm tm&^sme mBlmi^lmsmm mm ! •>#•« 
f»r tuts i | ^ «f • i i^« "^Mi^  inmattMMk* mmmt wmtm 
mm mmitB0^m W tmtmtmpi^kim mm.^ utimam^ i^i^. ttst* 
mmH^tm. wm^m0§muA talirai ««d^  mm ^itm fMiXtait, 
iM ^pirts ftPttts iiiftiw*'* if«lt mt'&k ^m aiweiliiii §!«•» 
»|r f|i» i»%litir ^ntfiitti «ffiiel^f«t •»« in tiiitt mmi^mim 
§Am Umm tm »» «9til*ttd« ni. M4iii«tittt«a mfmtm^t^tm. at 
til* fti«ii «tt«& • • Hit fdtiMiti«ii mt m^wrn^ gmin %mw»Amt%mmt. 
mmmmtfitMmm mm mmimm *^^ ifi^ iMi* I t t« mmmSmimiit • 
^^wmimm$ $im% HM^  MnaatftMiii tmittr f inr»ttli«ti«tt piaMis 
• p j^Miti^  fit»irl« i^flik «««ia IBS tsiMli Mmw pm^mmmimmmt 
memRm^mmHmmm' 
Hotteeaolo^i fhm numher of gwmimw mmmm-it f^ x* t&hwi0-
tout eoant* ot iO0 to 200 grains Ii8v# li«Hfto fouad to glf^ w 
satisfaetoiT reiti^t« (l^ottor' ani f»«ttt|otai:» i$63t P* S^E>« 
<lriffttlit (tl>&S) ol»eefir0i. ao ofcango in mm memit atr#otl<tii 
of proforoil orlontatioii iijr reatielsg, tl}# nntstor of grfttn* ' 
imm 600 to ^o« In tlii» tfnro«tii;otioiip ttkO' long aide 
atieititli of BOO giminn wmre memimm^ in tai^ oricmtoH tMti 
soot ion otxt fiftrallAl to- ^oddiAgf 
m%%%n»B of SbdD ip'airtii iimtiitt ultli IBI olo»«»ttoiB 
rutlo of it 8 or aoim weim 0rmn on s pt«po:rt3r oiftontO)! 
gra|>li pepo:i* ii.iiii^ » oanorft I%to&4l&» f be iippedpoi^  long 
4iiiM»it8ioii' of 'Intflviaiial grsiim «a« oMeiaed lif iititliii.iii 
tr)« toatt 'piroJeett«» oloxigatioii m dtfiei*^ by'^  liaiipio* mstfi 
ioi»iiif.«r '^ SSi^ i^ p* 3Si)« - tlto ttstisiitiis of apparent' long 
sm0m 9»r9 noaaii.roi em^ gf^ mipiBd ipto W dogivt olaaaea 
ima plottod aa oireiilar' liiitogira»a on iSO degraa diati^* 
Imtion.* flio ir«.t«l.taiit vootor itoaa i §} em& ir«:«itor 
strongtli (14) woro ooto«Jat«d naing ttia »ctnto« of yaetor 
mmmii^ton aftar Oirray (i9ge) .and naylalgH taat waa uaad 
for taatitig tilt anlaotropt!^ of tlie data at 9 par oont 
loiret of algiiifAeanoa% 
Statietleat aoalyatat tn all 32 aoita^lr orlontad tMn 
aoatiQ»» of araEiitiat wmrm atulliaiS for ttialr difsoQaloiiai. 
fabrio «ii<l of ttiaaa 8 caisa frew otiarl Sarlea« S8 fi%is 
•» 134 :*» 
HiitiN>I imS 0 imm mm$ Sert«8* 7110 raw dtiD«ti«l0»ai| 
girntD f&Hrtd iSftts »pp0%r im MppmaMm.^ ? w!iil« f«bl# is 
pinetoiita tto* r«!.«v^t datft <»«» ttotor steas ( e ) {ma 
ir«etor fitr«iiistl) (1^) «f @riii» i€s^«>s^t «ii«»fti.i m 
iSd* #t«ti^|ititicio* flMt 'ireiiiti»r wnem .mMtmth of .p'ftlfi' 
l^ g<»tuc«« at ^emh tpmtity i s glutted 00 tfit pm%mi»»-
mmtm^' imp i» Fie* i t * l^)e Bajrlalgli t«iil was ttiad 
for teat ioi ttw i»ai«otit»^ af tlia data at $ p^r ftaul 
laval of atipiifiacua^a <nQd ttit liif^tlieati tteat tha lanjg^ 
aieia ariaatattae was *'pi*afaiTad*fWa« aaaai^ ta^ at ttita 
lairal.* 
All aamplaa af Shu J araatteii aiow a aliiiifleant 
Hifaatias af prafaifralt ariaatatlaa ^'i. grata laBg^axaa* 
fM valaaa raaga fta« ttS* to Si0* at asliiatli ana li:ava 
a spm«i0 0i 4-6* af are« ftia avaraga 'vaiaa at va^etar 
Maaa asiwitlif la 200* tadiaatiag tbal^ tlia aari^atat 
aaH'ar tDa iafloaaea af wliiatt titaaa araattaa wara 
dapaaitaHf mm96 paraxial ta n HQ* i: «• a sa* W 
iHiraatlaa* la tba Katvoi araaitaay i8 oat af t f 
aigniftaaat iratuaa »lmw a range fram 343* ta dS* af 
asimitht tliat i a i a apraaH af $f* af are* fba 
•faraia airaattoii of prefarraa ortantatlas la^lieataa 
aarraata na^iag j^arallal ta M s* E « s 8* W iiifaatiati* 
fINi data aa Blsuj ai^aitac ara taa aaagra ta draw <tt|^  
aanalualasa Mt la a liraad. aaaaa t^f t a l l f with tlia 
- 138 •• 
Paul.* i5» • Veetor meaa (& } ond V«etor ttrengtli (L) 
of grain loag^axlJi aalmitli* in ar«ii ite«. 
SarleaT Saa|il« T e j 146 j Sigalfiemit/fiot 
' iruMber i l l • ignifioatit at 













































































"" l»©r I I I ©igntf l e a n t a t 
I I ^ J T«it) 
S6i 23* 2S*t Signif ie^nt 
3S Ztm MM « 
$6 2is* 89,at * 
tot its* sil.id *• 
96 t83* 23 ,* «• 
163 181« 30^08 « 
f tesit t <3«gr«« o f i»r«f#rr«« •nftQistatlon .«f long a«e» ©t 
a f t f t i l i i l grains .t£M3i0«tinis t h t iiiil:ii«zii>@ 0 t -Qurroiitf 
f ^ f t t ie r ti»gi iSif^etion of i>rtf#zxea. €»rf.«at«fioo of 
Ii«fi<*a3i«s o f $rGi.m agmem wory oloffotf wi t l i tlm 
dirooliott of oodlii«»l' tritoei^ort dootpltoi^ o<3 fjaam 'prt»a:X '^ 
soUitteniaify stfttist-uroi' i n n i t $ii«' .Serloiii 
pmvmmm 
**prov«aiiac^«*>t ae appiif»e to se^Siitevtarir 4e|»o«ltt|, 
*^ baa to 4^ pwimMeilf w i t l i f i i« eotiriw m>^ktt fmm vMofe 
tti00« ii»t@tlat»: mewff H^n-fUtA** It im clear tttii'l 
pvmmtmee dtttiaSeSf i n osider t o ^ eciopletaf mat eovar 
two taportant aspect«« natnelrt i^s*^ oonpoaitiini o f tlMH 
S0tt.riie «*©«!£& m& t l ie i r |00atii»ii.# f l ia tmxmew emmhtt 
a£Mee.rtaio<e# with noiie iagraa « f mifmrmy hy a tn i ^ i i g 
tite patf^graiiiiy .anS t tea^ diisairal «0i»t$xit o f tha roeka 
i30Xii$6f»«>li i i l i l la. t t ia l a t t a r ean 1»a dotanaiitsai! «itt» tfia 
iiali» d t vaator ia l aiiA mtsUme- firos>artiaa» 
l e tMe eit«4^» tlbte iwttitrgratfhy an^ tiaa^ir "teitt«x'^ 
aoulaat af t lw various rock i i » i t t , inoin^ing tlie oarboiiata 
roei^ft aootoiiiing an a|}praai8i>i« ^luaattty o f taxriganoua 
dafri t t i«f 901m ut iXiat l l i n daoipi iet l t^ th© prottatyla 
ooMposition of tfte ^rovatsaoea* 7ita dtreattoi i in ut i i i l i 
tlia< aouxDe roolia wev& eitoata^ v i t t i raapect to tlw baain 
of «apo»ition iva«i iletamiiie^ v l t l i ttia lialp of pttmejief 
atmoturea' a&a grain falsifies aa alrmn^y iiaatmvad i n tisa 
PfaoaiSiag pagoa« llotriiv^rt no attoapt waa isada to 
aetiaata tha aotaeai (iiataooo of aeCtimaat trfa3ti!»oirt baoauaa 
i t «it« f«t l t t ba t «>ti«ii t i l * f!0)tpo«iti«'» 0 f t-%te e&nfne melcff 
@»ll m% #iif«ictioii i n wliteli tliejr %&y was 'fe»o«si.| t l io 
|»roir©ii8i»e© eonld 1» tueatttd i i l * * i f a i f «©gr©# ©f a©«iir#(iy«, 
Fi f t t i r t 18 ftiiofrfi' t i ie proitent ^af « ie t r l te i i«> i i and' 
file §h&wt mMwmmtm .immHm liweiitiDfieti eo»glo«* 
«nm»iB%i.ng pw%^emtnmntlf' #f ' t%m l a t t e r mii t%« @l.atiti«8 
p,fwioaliiRiitly « f tlfe# ffiiiiBer* • 
fbe «xti»liii«lti{i1. €&ii»tltia«iits o f tlke;€feiarl etftl iscinti 
Major eotitsiritnitors a« eirtaennelt li;r t t i« p f« i ie»e#- tn/ largt 
iwoiintc of ii«taii6rp'ltlc quartst i n &w^nit%»f «oi iglo«eri i t«i 
AnS enreti l l i i««t i i»ef i onA also hy the ooouri^ieit o f 
gaiin#t»f • n a i l fo l l ow ls l i 1>roiiii eiitie«r« of tonmal l iso, 
n a i n a t l t * mA fragttentft o f ^nmrt..mttm. Coi} tr i l i f i t lo» 
from aoid igiiaoua roek» ana pegi iat i toa t a ioDloat td hf 
tim praaaiiea o f a i^at i t« i p a r t i a l l y aliraaed ouliaiira o f 
sir^otty l i i d i o o l i t e vartat$^ o f to«:raialiii«t aoid. planioelasa 
O H I F ) * MlseralS' l i k e isagaetitep i l w e s i t e asd f i i i i t ^ 
IB: largft aaouistfi aii.il n few scat tered feli'ltltR o f l l a t i o 
irolt!fi i i i« JToelcs C t t rae l i ^ t i e UMia l t * ) i n ttoMtt ei>iigli>« 
8«rate beds point mt t o baste t^eks t n tht ptmenimeti^ 
fuTtimr§ tim abeemse o f n o i l ro«»}fiei} quarts grat im w i t l i 
wona oirof iroir t l i t f i presoooe o f o n l f p a r t i a l l j r fit»raded 
ottboiftro o f jslrooup t<»a.f'»&Xt»e o t o . t and' tim proeeooo 
of mibanpi lar t o eii1ifoii»do4l graino of »et««ta1>io 
s l i i e ra l ofieoiesy proolodeti i l ie f o o s i l t i l l t i r o f mcty 
e ig i i l f loa i t t oofi tr i t tut lot} from a •odiMontairji' oonreo 
airoa« 
fito €toari provonaiioi» tb i i» i ooi i t totoi i o f tow 
and iso0iii!» grado Motanorphlo irool^Oi Haafto and aoid 
igoeoiiai roo&o and pogaatitoa.' f i t * p&ttem o f |ialaoo<«> 
ourroata dturiag t l i a dopo t i t i ^n of GHe^i aedtseato 
indioataa tba t tba alcove iteatloaad roofc typoa abottld 
liave aactotad nor th of t l i t att idr araa« 
flnfortuaataliTf ^ho region iadioatod f o r t l ia 
profanaaea i a eo'vared by t l ia Maraby Sana of Kotob 
ead f a r t ba r oor tb bjr t tw aasada of tbo grant fba r 
deaart , Qawtvari atmaroaa iaolatad« b ig aad small t 
mm^<i»^it»» of bad rootta ooour betaaan tba krevQlli 
raogaa and the adga of tba aala iSkenfitt iPigm^ iS) 
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I * 'i&« A«mir«||i iMtttiHiri^MOfi' # f ,4f«ltiif««'. ^^'* 
«i^n^'f«' to ^A^ st£l«»: iHMtkir siiiib#v 'iai^ «b«ILv mxtmmiw* 
'^iNlPflimt lifeMVtgl^  .tiiftltilCil^f- W i^^ ftBiW '(:1N^ |^ t#l*.t i'S^Sl 
tb« pmammim mt niilltH IHBI'I^]** #f iiit«i0.rp'ltt«» .niDili;* i n 
««iifl«iit^»««« «f Jttir«tsl« .»§• In- ^i» islmiil « f Stift 
<PA«e69^ i9S$» |>» Sl3tV» i torl i i tMt of tfao fftitdsr mmm» 
fwom oirldoniMi gai^tviiil fitni iMlfliilKraxtng oiNtMit i t i « 
mufi^Md tbfti itt« Aiwrmsi* o^^^t t t • l i i too, pl i f l l i toi t , 
ie i i tat* iMid ^twrtstt ts and «f« ittttiifiod hf gwm&im m€' 
hmAe voekc ( l ^ f w , I^t^l Victor* %9^^l FMeo«» |#Sd|* 
fh« |{ala»l ctalt of mei6 ignedixa wmeUo (600 ••jr») 
«9ni>ris&« great tilt ifiiiiopnirref potpHyvyf f«l8it«y 
x1ifi>|it« and ael^i iiit<»i»t<liiit« i»iA baoie tu f f t Clristiiieitt 
t008)» file 'irolonnio aii4 {»3r]*0el&«tt<i foetet ir^tt tm®o»ifot»»; 
A^l^ 0-ref tim ArmBlttB tm<& oecitr lit siiiii*rcit!ii eeiatertd out* 
lat«r Hade lntiii«loo»t T'ti«' VinaissriiDs rtut ^ver ife» 
Halantft witte a' •ligl&t uiifioiifoiniltir sm& e.o»i>fi8tt mitB9M%%&l%f 
0i eleaii««aiiliiiil ^a r ts arenlta aiiit Ii«(e»tafia* fiNeir «iit«" 
cr^pii, at atao tbaaa of eailiontfaroiia PltaloAl tt1.lit«f l i e ' 
i^ypraxiaiatelf north of ilia lattttitda i^ aaatag througlt 
^odltpiir C#ti* t$)« 
ftM» abova i i tita $«olo.gia«eiiiB*patit»pfatlila«Netttt«f 
g»0ira|»liia a f t t la i j^ f ^le atga nftilan aailstttiitad' tiia' 
l^ rovanaiioa far tfie Cttari aedlfBonta* fl^a low astf mediua 
gratia Ar«fali iitet«uioriptiie« aaH fl»» aaaoolatail baaiO' and 
aoia intraalvaa je»rovl<!«ll t t * imlU of flMi datritua irtiila 
ttia Malast a»lt of aol<t ignaotta roalia alao ooiitril>i»tail 
I t a atiarot pariNapa iiiiior* fiia fimShyim ia<liwaiit»f aa 
nail aa tlia PbaloAi t i l t l taa« utiiolb during jfuraaaia 
t ima ajbootd liara oorarad nora axtaiiaiva raglona than 
•liat thay do to<^a3r| do not aoaai to iiava oontrtlmtad 
ansrtlting altfooagk tba utidarlytiig roaka vara tha naii} 
aotttrllmtora* fiilay at f l ra t aigbtt mp^mvt to Ba 
anaatoloua Imt oan Ha raaaonalily axplaioad ts taiea of 
*»• 1 4 0 • 
t ta f« e t «iNa8iier«&l# #1. stat ion »imm eil«ii«'l t l # tftfiicr* 
f],aitt i @f t l i ie sli l ipi* and 'tli«i$. wtb« b i l l n of ^iHeni 
ir#le«aiit« f#iii6# t l » •iiti^tlMi.m ttail 't t&Jt t t i * V't»Al^ aKii 
i l H i i p i t a l&^@s< ptti t t f t t e l tlh# '^'jrt'iie* ii«t«ia mt. & wmt^ig**-
file emiM%.mme ef ttil* .tiigoy ptm^imttrnty i t« -u&irtli*^  
o<ifit]rl.%iiti0ii «rliloii t'li» Um%m^% mit »f'mi$ t$»mm9 n>f»k« 
nude to the Oiari ia»lii;. 
Katirol S«rt«s 
rool£» I'll %h9 ptewBm&oc%. of Ent'tot wimkB- im Iiid:|«at«i i»jr 
I 
fr«#B:Qfiit9 of Quetrlsltii mH a l a rg t ^iiiieiftity o f «•$»«» 
««»:fftoi«s iiaart»' in. tM att>iiit#» mlm ityggott a »o4#)» 
t l i o r r a f r ^ M B l nexiittif l>« Itiiiiini d i rec t I j r * Bflwev^ri 
]i0r|>l)ie ainftral® ms& %h0 hi$h degree o f ondaloiMi 
ext laet io t t elKiwit 1sf|r tiaest ««igi«it9 ilteat tti.ef'.t toOf 
eaisNi iw»m a slnii i iur petiiroe* IteAtl yel low broii i i 
«tiiietifm~'ef'timtisatliie~s«f represenf 'a a lner mt^wt'^ ~ 
l i t t t ie» fxt»fi iov t ra4« netciMafptite**' I n ftdditlen l e 
t%9 ttetamorphie m i t p tino nadl t loo&l mtnt^vAt ii«»tiit)l«> 
ages e f < l ls t i«ei i i r« csliaraeieriy namely ( t ) s i imai i^ 
apeatitewfttoxiamite and CE) i l»a8ite*»agffieti ia-3niti l .e^t 
alao oia«m.r i i i Katre l aireoitea «ii<ai { le l i i t ' etatt t a i l i a 
airiataiio» a t aai i l ««4 %a«le tpiaaaa raelia I n thm 
ptm^intmm* A n iaar noatr i i i t t t tais tmrn pa ipa t i t as 
i a euigestail liF t t ia aaatirftii&a a t t i sd iea l l t a l a a i ia l i aiiaii»fa« 
f l ia t a x l a r a i emA eai ipaait lanat al iaf«atar« a t t w arant taa 
f u r t be r aaggeat t i t a l unaiatMiaini»tia«ed an<I i^wotttall 
•@4l«aat» vera an t iPB l r a^aent irem t he prareniMnt^ aa* 
Pataaeaarraiit infraatigattot ia inAiaata ttuEtt tiba 
^rafanaBoa a f Xa t ro l raeka was loaataiS aeotti a t t lM 
a t u ^ area i n t l ia iragloii wttat ta<!i^ eanat i tu taa tba 
penlnaala a t Kaf hiawar a»a th$ /Arat»ian Saa« TH* 
regtan (F ig* 16) l a aavarad W paat«^oraaai0 tamot loaa t 
%mptir%mt aaoog tbaM l ialng t l ia Paaeaii- 'St^mpa (Crataaaoaa* 
Eoaena)t f e r t i a i y aadiaenta and aiili<^Haeaat to flaeent 
allai^iuab ftia r t « a a i t n t e t i o a a t t i ia eonaaalad 
prB^ntrmBie gmt^f t « f t l i t n i f o f e f m n a t t v r o f 
i s t e l i i e ^ t t t speeulaiicia batt»d on indi i r«et •vllleiiise* 
f t t « th« b e l i e f of «o»t i 6o Iog i« t» tha t ioekt 
o f tHe Arora lM (ArehAoean) aaH Delbi C? AlgontciMi) 
«3riit«Bi i l « oo«(!««I«tf lie low i i i e vaftt eaepositriis o f 
timtieem frap'»- asid al lnirt iniv .l^eeofdiiKg' to'Kristiii iHa 
Cl®©8t 9% 40) I *fliG Arajufalli '«tr lk« has « H.E«' «• 
S«W« ts^nd f i o a l }« l t i l t o Gujarat •««• •«• Xn t t i« 
eotittit iowar is llii|arat.|. t l i i a i t r l k a aplajraoiitt ttio 
iroetoira pmtt { l o i n t i f i i a t ra ig t t t t o tho e t i l f o f Cattbosr 
a»a t ^ .aaatoxti. pat^ g r a ^ a l l r oitangix^ t o TShB*^ 
faeooft ( i f i i 0 t p* @)t l i as i i t i l i t * ooftolitaions on t i le 
ooeurranoo o f r o l i o a of A rava l l i b i l l a i n Eatliicniar 
m4, Ktitoitt 'Otato^ tfaat' '^««»««* I t l i ' ' l i l i t i |^P'Voi>ft l> l i 
t l i a t tho »ai» par t o f tlio rang* «xt»»dea fo m a r l y aocls 
f u r t ba r to aotitb^^oat •*««•«'* ana t t i a t i y 0f6) * ' t t i t 
along a proloogat lon o f t h i a l i n a t l ia t tine aulmariiia 
r ldgaa to t! i« Arabian Sea oceurt** 
fUe ooMpoal t i oo o f t i ta ooaoaalod A r a v a l l i ana 
Oalti i rooica i n tba provananoa o f t l ia Satro la ia» agaiot 
a Matter o f oonjeotura but i t oan be ifiauai.l«ea w l t l i a 
f a i r aograa of aoouracy froM tba oo»posi t io» o f tba 
baaeiaont roeka i n parta of Katbiaw^r ana f roa tbo t o f t ba 
aoutbeciaNMoat osposarea of the nalxi rai!g«|* Krtalinas 
<i982» p^ H} tms ajcpracaoa the opinion t b a t the A rava l l l 
range*! in t t i e l r southeni f^an«| <to»9i«t larg«l3r o f 
%tgln%Y wmtimoTphQtieG mck9 • • «» • • maA imlnSm al«o 
oo»siaerQl»l« nan'ses o f g ra i t i t i e giieis8««i grmai%e»t 
i i l t r o » a f i e roelci anK s l l l i i and Ignite* of anphibol l tea 
md ei>iaionta«« • f^««oo9 (i@89t {>» 283) states tha t 
*'flie A r av a l l l fo i i ia t io t ie ar« argi l laoeof ia i n oitaraetari ' . 
fmtfing aeeording to tt te degrae o f ««ta»orptit«ii f roa 
mosteely ctemeA ahalaa • •«« • • tlafough elatoat p l i ) r l l l taa f 
t o Mica ttohtsta wittt wmiS^^htmm gamete • t a u r o l l t o t 
i» l i iaato l i t« aoil * i ^ ^ l t e ^ « •» • ** 
fha {»«trograi»liy and iioav^ e iae ra l eostest o f 
Eattot aireiiitea atiggast t l i a t madtiiji and l i lg l i grade 
mtaatorpliic roeka and aeid aed baele ignaooa roo%:a 
oontr i t iuted itoat to t lbeir foiwat loB a«id i t l a noat 
prol>a]»le tfeiat t l i a i r pfovcsaiiee Iny i n ttm Hel t o f 
A rava l l i and l»ellii rooka now eonoaaled 1)6 low tha Deeeas 
f rapa i n Kattiiawar and parte o f t l ie Arali lan Sea, 
BMJ Series 
^Im arenitee of ttae BHitJ Seriaa contain three 
d i s t i n e t s u i t s o f heavy i i i ne ra ls as fo l lowst 
i ^ l i g h t hiioiin toursatine-HUpidote^gSTOet* 
a ta i i ro l i te* l i yan i te 
^ i4t • 
9 • iln(iiilt««>««giietl tihoftit il0«*t i t Apit« • 
Of thtt»«« the f l m t liuSleatee ttte exi'Stttaciit o f 
loir|. meHiivm emA Mgh gr«ll« wmt9m(>rphien wt i i l« t t ie 
mmn€ &n0 %hit^ to ftei4 BM hamte tpieoua r o e t i i n 
ltK» j^foirenatioe* i u r t b o r t t t ie li««r2r n inora l aiiaealilaioii 
are n lKl i lar to tlioao s»r«»«ot I n ttm Kat ro l a« i le« tm0 
int fgtat ' d i i i i l a r aouree fvekSt Paleaoeuirreiiit t t t i i l a a 
I n tto« BiiiaJ Sortea aboir t t i a t tlM» te<ftiateiit« wem 
i l rwspor tad f i«K oast t o vot tp t l i i i t po in t ing otit t h a t 
i i ie prmenemee waa • i t n a t o d oaat of tlm attitfsr mte&» 
f l io eonoealea bo l t o f A r« ra l l$ and I k i l h i rootOt aa 
at«ei»eae4 e a r l i a r i ooi ia t i t i i te t l t l io iioat l l k o l y aroa 
i l i i e t i prot lded aedinenftii t o tita lyaaln o f aopoalt ion 
aitiriog t l ie 4S«|pooltio8 o f t l io WmS rooke jBtlao. ftotOt 
tHe l o f t y ^ a i r a l l i ra»goa« oonpoao<<i of aiataiioif»%ilo i^oki i 
o f f o i y i i i g gradoa aed oontaioing inii«ro«ia aota tmit Haaie 
int ruai i ra i i of tntgo aiMeoalonot pfo^ldea tt io aaaiaanta 
f o r the Katro l aa wa l l aa tho BhuJ rook a but f roa 
d i f f a r a n t diraet iono a t d i f f a r o n t t l aaa* 
cnAffEE m 
nmtmmmms OF m?m%mm 
immmmtm 
tite Qppmm%m&t«lf 6000 f®«t «til.etc SvtrBmnte 
# f i g i i i by ao«t e a r l i e r iair«&tig&tor6* M» i i a r l y c» 
jffif2t Ignite «^f«f i«0d ill® o p i n t ^ t l i a t tieriiie^ «oiii&««^ 
t i o c s p0r«iete^ thro^l^NEi^f d^tltoetttcoti o f *0l^|^0r ^ r a e s t e 
Onmp** t o Mtiih ana ]3ot«<S ( p . fin) tba t t l iese r&clcs were 
t o t h e i r leDttet i i iar mtmmamtmkon 1» »lial-low woter t 
eiri'€fefWB# o f iilhi^te t » sff©riter# tfi* t l ie pr^folosc© o f 
ot^lti|it« tii3ii}irt;l.'oii**« l l8 |not i i (t94St p. i t ) ' t »teite 
a«(o«f»titti a maritte o r i g i n f o r titeoo r o ^ 0 | oloo oonclodiBlt 
•tiiflf---*fliis*0OBi~iilit«» teiii'Iiiviieea'Eotcli - — -— 
oseil lmtedl very IRI<^*'« Tbio obswrvotioti l»aso<l 
^f l i i iMdl ly o» I i t l»a to fy imd foHiia wa*, Q^fortuneri^olyt so t 
olaboroted bjr t i i s elthougit i t oostained t l » 8«o4 o f a 
very fonaasoittel coneopt i n oeaisieiitologpf, t ha t i s * tDe 
eoBtrei o f toetonitni on eodlittentiitioQ. 
A»&tli«r Aopeot o f ^Qrft«sie sedintentotion i n I& i t i ^ 
eb ic^ tiae t>o«ii ropeato i l i f e»|»ti«si»e<t hy «oot e a r l i e r 
Invoi i t igotoro im that t i te i iodiaeiito ar« & firoiteot o f 
•a r i i i o trat isgreeoioo. f o ftccoont f o r tbo great t o t a l 
tlki«te60» #f tM 9eitimmt9f: wnmtmmn in twtmtsiig^mBivm 
depositiim gtiuaiiall:^ mmik a« sigGlacrtttetloii pnaeeedeiS 
{taat®,:, 1966,, p . 268)• titmii Ct©S6,. .1 .^ m^} fttirtli«r 
S{igg«;St@<l that HlKmil^ firB.lt&Bg^ va@ tisa ean^ee <»f 
tisufn 4Kliiicti:i^ ;« .. - - - . 
ttoiit tbougti 1^ aM Imt^m mrjtimt tm(i homm out % the 
pf^««M i8t«illr» ®^^  «I«igtejita.r|!: aittS not tia«ei'0»' 
flufSf. wMte t i e w e r s i t trimsgresMve *«eriii«* or t^ la 
of tiM @b.i»ris mmmmt %m Mmpmti^ in wiew of H^G 
^umiBmmist of mmtitm^ Stmnm thvam^^m^ .tlieir en t i re 
*liicto<l«fj:..tti«i.r .g»»f Ilt:lKiIo.gsr «B4S tii«g|.jr_iM»B®J:IM«>fflail.»: 
t^sSuri^ aoi stjftieinral chardetsristfosp tiMi ent i re 
Jfif»ssiii' .«ei9U«iio@ in tfe# siitd^ at^8 esuanet l>« t€^i% 
as ft protftiet 0f flifiriite transgif^s^ioii,l>jr mxf sti^teii.of 
ia^liaKtioa* Purtliort tlte e a r l i e r inv^atigations Ho 
sot lieiii «!• to i in^nita»4 the preoiso oondltione of 
«tl»Q«ition «lii<^ toottidoy aaMing otiier thiiigVt ^<^ 
iMiaoiliiite ptifsioal cootfitiona attoniliog •odiseatatiottf 
th0 protiebto jgmmmrpMiBi ooafi|p»rstioo of tho liit«i» sm€^ 
above ail« ttie teotonie fraaaaoric ia aHieli ttm aa t i ra 
saqitiaiice «aa iald doaii. ftm praaant ata4|r at t^apta to 
a^iiaar thaso aad a i a i i a r gooationa ^ibjaett ofoouraai 
* ISO -
s ise o f ttu» stui% srea. 
e f t t ie f At«ttait Seit^«« er^ Gmmm^ vm^ ««axittt|r l » 
tbe eo in * ^if .tlt# 41mrd axta^  flettMn afiiie»« Tiie few 
,f#»t o f til© top iport ios o f tM» eorloi i wfei^li «re 
e?&i%m%l« f o r oi^ast'ftati^^ and atndf ooitptl i ie M&» 
M a y i t o i i f pol.faitox1i.to0« oB i^ intoro&l&tod ^sldarooofO 
fDo llwtsntonos €o»tat» a voiiy :&arg# i j t isBti t ir 
o f wlo i r i te {> 60SI t » wliiol^ mm mpQTBmlf imh^4ieA 
mligbtlf aliral4o€i: f o o s t l frageiointSt »iitfozitl.y stsoA 
f®c»l pe l i o t e fitBd aiijg»lsar gtialne o f to»Ttg«ao»» 
goarlK l a t l i« s i l t osuSt »mt0 gx^do 9l£os« Sparry 
e a l c i t e in sot j^rtioettt to ittooo roolea mt& ovidoaoo 
has tiaeiii p rc^ ldo i t o tlbe p!p»ee«dlng pogosr t o a^oii t1fo«4^  
fioafo patcliea of eoamolir e r f ' s ta l l i f i e eo lo i t e pt^aoiit ixi 
ttiQ rock aro tHo prodHteta o f roor fa ta l l&aa t io i i o f »t<erow> 
o r ra ta l l t c ia oa lo i t o ooe«» fHo lti»osto]iea» t ln i f l i t»ototii 
t o fyp« I I (U tc f ^e rya ta l l i so i l l loehoisioel roofea) o f 
ro l l t (1950) and fype I I ( t o tox i t t t t o i t t l y agttated-wator 
ii»egtoi>eay of Ploi i loy e t a1l.Ci9e3>, ffeo iator(salatoa 
caloaraoita ahaloa aro tli&isty a»<i uo l fo tH ly la»tiiat«€l and 
i S l 
eontetit unli^ D&eii, ti]3«il>r«l#»i mt€i fiHirlir e^rtmA tmsnit 
tr i i i ispott#tt«» '«i(^«r t%i9 ftnfliiisi^^ of f««%I« €iix^?#fi%«* 
ft» «n «iiti'in&l|r' fO:f1teiliifi#@«'ft«®« H^eNsp eem ecrriroiaient a* 
ifiiai«£itod li^ tb® fE.itfi*. itjatforiiisr tMel^: moA prmmtmtBmt 
•etliiie fooeila;* 
mmi Bmam 
T^« Chaii S«rie«t wb^ t^i i s i^iiroxinatclir 1400 f« t t 
Hi tit cill signs of «tiV0titnil ooncortfiiiioo* I t conprSsed 
several iltlioloslfi* osiS Has lioee aiirtaeH %f ttie pittssot 
n e r ^ r itvfco 4 Knb*s«rles on litliologlcal i$oo«lderations 
Mt i t i » ib« Slmm^- im& laiKi- aos^ft* m, urn mmme^w t ^ t * 
•« i l«# t.ii aa£«' i i f o f ' iiiottt i l ^ sMiiiif©'11 166 8ft8l<0«^ t9$ 
a^ f«e of vatur ««tta.ti&%. tli#ir rmagm imm f f ^e I I Clnti^ir^' 
^Ibttra #}Be) emQ i>l08f}<urfti<dit« (lle€t« 14 foid 24 i n Batto 
eowts%i.tvtentB- mtm net QP in « ©pati^ c{il4iit« #«soiit i9lil.e^ 
#ts»ts C20 * 40^^, fo«6 i t 4«^ r i« (8 « 36^}# «©l l t i r« 
<4 -•'^  3a|S).f f«©ai pBl%&tm- <0 •• 2^) aafl^  t©wrig«iiow« i p a r t ^ 
Ct «" 3?S) fsiitl.e i » l i t©8f i in«ia i t# ttoey costpit.©© f o f i s l l 
mi»wi& C40 •* l»6#)» fi»e@I p@It0t8 (O «- s^)y 't«i.ffTiie]Mmii 
mm « 0 t l rottnaee ana. iao4era-t«tf nort^di i e t fae lmnts 
. i n i i i tr@«pami.l l l t« «oi3.#t'iit mi fjra^pieiitii of t i lomier i te f 
0oiBiierite 9m& iimlmtewite «xt4 aire tde i t t tea l wi t t t l i t H o * 
log les pK^^sirat i B thm -m^i^r pmt «f' fot«lM«B Series* f l ie 
ft ireletal de t t r l * fiiieive signs « f atiraeteB > ^ tramsportei t i^^ 
a« iMfist ffiteils are trotioaeA intuit l i lce ob l i t ea and paeda* 
aa i i taSf aire iio^ierataisr t a wa l l aar te^* Faaai p a l l a t a 
aod tetvlgaaooa quarts i n a i l t * t o ficte-»s«ii4l gradaa 
aoaar i n iatar^paaaa l»^i^»aan l a r i ^ r fT&gmwoMi£ c a n a t i * 
taaata* f t io biosparimditea aaeuififig i a Italia Aomit^ 
tlioagb ta3Ktaraii|r a i a i i a r ta io t raapamKatta a t <llH»ra 
^afa* ara aoapa»i t ianal lF mawk»4,lf i f l f fa ra f i^ iaassiiclt aa 
w 184 * 
i n til© e t r i e t sense of t'Kto t e i n t i® v@iry el^^^ety w^tMe€ 
t 0 M#»pefif!«i3^t« an.a 43£ff#rs f r o n i f ooljr' i a eoisti&iiilsg ' 
$&mt» tit ^ ^ ^ e i t e t 'l».fibsalt ^4 mtwttmt f^mttm^ aii4 m 
t h i s jro^ tyi)« io. 'Ii^tiri# trntrnt^em^ M<tmpmtmt0t^ mi& 
p o i i w t e i t l e coiigiQ®«jrate S» B{»#.II: t l ie s@ee^  iit»iii«r mm 
Type V (Strongly &git«to#<4ieter l i s& i i io im*) o f Pliistley j ^ ^ « 
(1932) and 'Typm I (Sparry Al ioeHonitml i i i i«sto»o«) o f Pollc 
(19S0)« Froa ttto i^olQt o f v i o « of enciriy t o r e l o f t l ^ 
depof i t ionat eiiiriii»iiaotit« t l io foffSiSiferoi is p o l i ^ i e t l e 
eimgtomev&tmm i i l»o l ^ long t o t M s oatogoty* 
• $m • 
t he 9p&mry «ll i»ii&«»ie«l i lvoaitooos pw&hah%^ i 
ortStnit teS i n irerir. «fisllow iiat«f> i^gi,ii»«» At t i a e s 
t'lie' «e& Imttcis *m^ o«easif»ei8llf end t<!ai{>ei]Fiirt1lf cacjposed 
p a r t l y 4ifi«ft 0 B 6 «£«tt9&il4wl«d: tmMmmmm* ftm himl^m 
^tltcHT 4sa0»it t # i i # t l id^ i r l«« wm» f^I letS #» lN^iieli.«ii m&e 
4» Al»}mfi&!)e« o f «p.iii^^ «ei i€i te eesient n i ^ fotfitl. al>se]»C!« 
e r p]re««0ce l i t tmBimttieemt smmxntm o f 9Ser0oiT»t«t l i i i« 
«a le t t « «io««« 
Ev i^4(le.iie0 'Of linl^iBiifiali t<» ^ailTemelf ii&aillow i iat«7 
^.rds^nee -of t h i n enwunm&ixtfi eoattiogas o f I f oa oxii^e ai^miid^ 
w^tm ew(9i,m»mm^%- wMefe nii© natttratuA ititl*. tirii»: i»MM 
p&BMihtf ani} t o inttmiie #l^.0»i# fi<0ttiritF« t t ie 'ffifmliabl# 
#irtd«t»s&f ti!t««^fiir% s s ^ o i t i * ttoat f M f i t^pe^ i»f t isett l^ iMi 
towmtlltmmm& fKiIf»t«rtte •nm&gi.mmrs^^ 9m6 ilep«>«if#« i«F#f^  
i m t ^ r aeririi^; ffbtn^ i»%mVf «^ii«sQiieoli«lai@tf nd^ft^eat* «i«^  
Mt«feety«t.alt j f .^ itlle^facatcjRl timiMtmrnBt mek» t a l l i a g . 
aiMl#ir %h%» Mmit^ptlL^n mmprtm l i i c » i i e n t « t petst«aptt«t 
Mc i j l ^ l f t l e i l t e mvi& mmtewi^e mt^ eoDst t to te t i i« %«itlr o f 
t l i # I taestonen of ^tmH Sories* A l l o f ttiooi f i f« 
«t»i»rsotori'»s€ ibf^  tlieo prmBen'mt f a lafSo^ aoMmiitSt o f 
v io i roe iys ta t i too ea to i to ooso anil tbo t o t a l atisoiiee o f 
•irasTjr of t lo l to* M aeiittoiioa otso«lii iret tboy also 
ooBtain- 0 l o rgo ' «iioi»iit of tor r tgo i io^s #eti l .t i t«« 
f i le pet fogmpl i io etodjr of o o n t e r i t e t aiitf a g foat 
.stajoi'iiir o f M<»ier t to«. fes» sboim. t l i a * t f e^ - isontati!. two 
-"- 16?' •» 
it} timm »1bf«sli §Mme mvMmami e f wigii7ti».s watew 
f ree .811% ^xft4ip®,^ fHmpfire.ft'^'etjr- ^bmp, watmt tmttmm^ 
t e i ^g^^n t t s f»(«ri« g r a t i s i a t M #«»![ gr«N@e s le#. fUtt 
tent tl9a8,t SRiet of l;fe©» .itsr©: eoe*®* i?itfc fiecjewtioaaiy 
'«9K«# t i i t lo^ f ta t o .». ist^i lowt tnr l i i i la f i ty i gs ta ta i l ^ mimtmm<» 
wmmtm' f M t a t t e f g]Km# t#'-f«pi^«<@iiit»d l»|r # f i t t r# B I ^ 
e a l e l t c ^» i» «ltielt. 'ar«t l l.a&l# t 0 IHI «i»B<i»ed £»aj? tit^er^ 
t l i « net io i i « f • t t ^ s j i estntmstm* 
l a tl»<»«« 3.iw»»toii0 ifpem t l io r« i s t ^ 6 « «viaf»ae« 
o f a ^ l » t i i r 0 ^ t i m t e r i a l * fvo« tnut d i s t t i i i i t «xtd ««»«» 
9tic^ t ^ ^ f T Q l iiiverfti.<}!i.e txnttmm **mUmi grMue t l i a t li:av« 
{Attained a^  QerteAo <i$ogriii» o f mmtviwitf £n one Qtyrif^saHist 
%n mi ©iirt«»Bitiiiit, of Imrer nfttti^ty**' I t »ppmmm 
of" m^^ cttl'Qii agitated ®mtmwm»nt'wmtm twmsp&'pt.e^ fist9 
$M t'h« pr&vmaen&it mmf lii!V# %i<»c» tiMi «ia»»i #f «(t#:^  
Pmtmti&rl%m»- mail titos* %iof »lttt#irit@ii ««# %t«H" 
aifonte^ wliteli ^ not ^^ntfttii «%)riH9@il 6llisie%«ni«a| 
ins titef m imt pmvt<&% -aiiy «srl«««e© «:f if»t«.p*»glt®ttoii» 
«t«iii«« mm rutteer KneoKiioB tH' tlie ^airt §eifi«s«-
llMPS'Tort tte«F seirg® t»p-#reirptll»lr *»»** ntcwictirsfaltiii©' 
frttett tt]rbisl.iizic#*fxi»6 eimtrGtment maiBSa tmtmi vm* l^ ditft* 
Cogeiaglongt Pro* tfj» fortgning «l»€y <wf tli^ varlow* 
lll»e9toii« types ^tamring in tU& Ctaairt Sstte»y, i t i s eie.ai*' 
tfeat <S«po»ltloiiiil CQii^lttoit» fiitfstoat«il very waeli o»« f#fy 
often ^ i lug t^e long spioa of tiii« etimeimA %f Hm mmseH 
ue^im&mtm* I t « | i l 1>« shama la ter ttiat ttit »l|^riitio!i of 
tl}« nairo tiaee <l«ptl! In speicf) osS tine toot plaoe %m 
r^iponte to unstoDlo oosdltious in tlio piwmnemmi wtileto 
r&mlt9^ it} ropotttotf ti«B«€roo«ioi;9 iwd ro«r««sioiitt of 
$ho. JitrASBio mm to tlw study siroii* 
PGtt&f9 a ^ospl^ ex i«O8i0r|i^ !ii<» set np 0m %• 
i^tmtmmM ^mimi*t±mg of n mmtttm smtt nitii immftvati-a 
twmk tl^e lai^»iist« fibft slietilcitv laHml'^^n m&& open li.9&elie® 
prm$^t^ mtt^l» ^onMM&ns tor ti}«' ^ pesitt'dn «f tfjiQ I 
t^ ffft l i t ens '»«»«' 9m9 I I liiH»#f«ii'eM'. Ute #8etltftttof» 
©f OBpth ©f fraif© Has© waa «!.atis«^  Hy »t®iii8 aiBi/of 
t©«rtoiite tnatmhlMMy nf tfm eat^m »irtl' usu.rospoiial'blii for 
«nir4-r©fiss©n*» «ill. ^3P»j8tt«:lag roi!K« «»«b a* »euiiisrlt#» «i# 
fOsielliteircitt* aM Atm mfmmmt^ «&xlM»iaf0. ecmGet^d*. 
th^ m^ sometime* gtatieoiitte ]»earii}g and o f i on |^fl«« 
l a t f t m l l y «8d' T« i t . l «a l l | ' i a t o fossi l . i fQi t i t is » i» l i i « 
aar i i ie o r i n a l i ^ e i ' o f eoastmt «mrii«]»»€ii}t« punnet 1>e^  
4iffteut.tl«fi.y, t l i« »0:St t i ip&r l«at -tieittg tli-e p&am$>tf o f 
o r l t t e a t <!»%«'• Fo t te r itmit) Has giiTQit' i9i» eareeltem 
r«vt®ii' o f t l ie present 4-{^ Jmn^mi^&j^m o f s-ii»ll' %odioi» o^nd 
»eiriiioii%iixy eirrii^x^so&tii and Kui« i i t i t i i i g l f es^lmaf ined t l i i « 
eOM^8it iooal l | r« fUe Ctoorl iiiHs«ite» »fo »ato¥-o« 
Unotablo o r l iotost i ib lo Kioorals inia i ^ o t f rap iox i t * oro 
e i t l i o r issitiirvly atioeiit o r mm prooost &» venr too i f i x t f tee i i t 
intotKiito* tlost o f tttes ar« f o o o i l l f e r o n * to vnorytsig 
aogreoe and oontaio l^w&Uen^ abroltOo^S aea iiodoratelly t o 
« o l i sorted olMill debt la* fvtm ttm r%em po in t o f 
bodtfing ei iaraotor tst too mn& pwlmioty atrototurtiSt t i te r 
ara of i t io f o l l o ^ i i i g t«o tfpoas ( i ) ^lat^lteadad 
aros i toa atiewiisg p a r t i i ^ l ioaat&oi i and {&) Tlkl4^«<*to 
- mt • 
Iiii#t!|oii«» Ctistrai^ami^^Ste m^d %'i^&pmemiMt9} mt^ #ft«ii 
tiii}ltiie0» t* xmllter eaiatI' mt& nmrmr mmmeit» a t«9 t e a i 
of fe«t* 1ioti«v#ir» tlmy mm pmtml<»temt lat«rall | r j^^f 
t i ^a l l j r i30.£Qrse to s^^iisii grMp«% ^l«a»: wastiea imtl «tt«» 
«@».t<^»' l»a»#» 13^ «triRSi»t) <Q.f 'i%rali3«<0 sltett f r«pi@»tff 
fls0fttog mB& 3»«ig8ttir<k ek«'*qse®« tu t a l l mm t«pti»>»t» ir^rr 
|jCftt'«9»lm:iritie4' Most ft a t 'ti^Mm mlmm pimttmi^ IfKieatlOtt 
fbm- t<e-j8t'«f«il. «tiftrai»t#rs of tleS' flat*l}ei$<l«fi 
ar«iiit«s liolnt. t€^  tiigh fttMHnspt ptrtlitapa mmm ig0mnt&$fi&§ 
In ti»e il«|>osttldiiitl fiffrirenMsnt «hteli wa.» re«po{i8ilil« 
f#r purl t a l ly or t o t n l l r renGnring tue finer se^tii«i»t« 
fftm the 8lti» of deposition «i»d for rounsltii]® msH s o r t i i ^ 
tl»o tfotrito*. fiio aovelopiiont oiT part lsg liti^ftti^^ 
Jihsrtltor stro»it%peiie t n i i 1>oIief« A|l«» (ttNS*)' ooaoltiiio^' 
t^t ftarfting tlneatlGe ootild 1m protfuoed liotti l^ jr «i»r« 
act ion on %»«@oli^ » amd !}^ itaiairoot tonal riK^%r flow of 
mtitc^lo volocit|p end ^optti^ Be alrai deaoiietrated 
**»gfj?#f f l# f r f^giwft** tFft»ude »ii«ti«r > #* fS|» , Sin©* tl»B-
f l0t«4)«d^( l ctjriB»|.t«« thoii evi#eit$e o f aep'Ofitfloii t i i 
itlieii^ t t i« f cioiillt hm0 tmim €&p^»it«iM «i»pear« t o l « oa 
iMB$ Musteifiit t&07t l o i t e r * t t S f ) • -flt^ few ehtmimtm 
enggesi «eoiirisig « f f«e i0 o f mntrmktm pim0am€i W oeo0>«itoti«tS 
«act«£ti^ir«ly i n t l ie C3i«tfi Sori^ft asit ostnialtf fo l . tov l^ tte 
f iat^MdSea: a ren i to^ .|» a v e r t l o a l . sotioeiK^*^ fli«3r Taar -
in tMt'k'mmB tmm f $ ^ 330 ftfOf em& in lateral ^eastewS 
tmm & fe« Imfiifereid fcMBrt t o a fe« tone o f « t l e » 'Imt 0o«t 
^ i l i iO f i« : fir» f 6 t o ISO foo t tEtlofe sms oeeor i i« iwtoi is i i r i i 
olieets o f namf Mlloai* fno- tfitolc. oro i t i te» li».r&soti#f oiio 
i n t l io ifinira ^cse |S3S foo t t t i i i ^ ) * nod t l io otfeor I t i t l ie 
na^a aotto (330 foot thiolc}^ oli^w oovoral t& tn l i i to reo l« t to»o 
£ia tt ie 8fil»« fiosG t t ier pacii dSreettf^ i n t o dtGaSir M«« i te r l t *« 
tMmm mm&w%0n^B t^re^ •mmtmm m^^ It^m fim ft ii^»^%mM 
'iiii»tfi%1ft aii.a etet.iasta.bl.« «i&»litit«!<&fiit'if»- f M y «r0' often: 
mwtt»tm. ^»ty m fm$ »miMmwei0- shmll ime^gmmtm of mmirn^ 
'i^.»Ietai ««)i^ iri0 $m ^mm- m^t9 •^mm^.im mB%$>mm€ mud mm* 
xMci foivi ^mia«» Glaireoiii%« peillmtn oeeur i^oriidie«Il3r 
in mtmm mmpl^s itmt mm m^mv mmmtmt* Most mmptem 
am e«t1»i»sat» ceweotoA ^nt &mm In tto 1»a«iil i>8ri» mm 
«MM>iit«i3 «it^ iron oxlii«* 
th» maat emmttm p r iaary « l i ve tu r0» •ess i t i t i i « 
amrslopoa oBtf M w a t t l F i I t occurs t s *giroiii>ea* so t * 
aft i i « | | &« i s • so t l t ax^ * $»%« CAIl«tit td6Sa)« «li« 
t'stm^r- «odfi o f oei!tttnr«ti«« being ptreaoittiiaeit* 
I inr«sp«ciiv« o f tio» tHey fMStimri t t is great n f t j o r i t y # f 
or«»9 IkfifHAeS la i t i t t Hire 4 t o i t " imslies tfeie^:* f l i « 
a t « t r & ^ t t i i tt o f eti>*0^1ied«tiig.. m p Mmtwmthm. i n tl}e«« •«»t»di^ :iiB«& 
I » 'pif»dcmi«eattr i r i ^ ^ l n r . ^ Aft aentiei ied elftenfeter^i 7 <ifiEt 
& t I f i^Mi 4t.«sr.t«» nf 'lhit Qtit<ixi>p>' i # t « l m$<(&. S imt nf 4 i i t 
t ^ - ft«et<»r l r « I art' M * « r t- f l«4i i t '^ l ^ t i t . i s a ig i i l f i i r ^ i i t 
t e .^ol«: t l i s t In; %tm M^ms^&t dii&t'rli»itti»»«t t l i« t«o^ «##»« 
ftoe (iims6*be#dtag ir-iurtftti^ie t » a t f f e re» t wm^mm wrnn^mm 
^%mwim 20^5 end S iS i ul t lh emir ^tttt 0»t'iQt<i],4»it« *ral«e « f 
l^di i»%il<i f o r t i n Sefles: a.»'ft '«Mf«- t t t » 2S04» 
f i le t03i^@fat. 4»Eit 4^«ip>&dlt tona l «b®teet«r# o f t l i e 
«it]l«^'Nf4deil' mwmntt'^m f i t i i i fQ a fusalMir i»f dep&siil&iQ'^ 
einrifoniMeiitii' omti a r t ^ ftatii.r»I.S>:r« m^% v^ ry i»»efi»l . in 
dl^^taguii iKi ini. I>^«««ii tiwm^ Wmrnvrnw^ mmutMni^ t o 
i*ott«r CtMl^t !>• 364) **....» »hal.Io«i 'iiaris»e«ftli»'lf mmw& 
Isodles f i i« d let ingnis l iod twm m%wm&<^%tne. tm»» priaiarttsr 
b r t l i e t r aiwensionttt »tiiifNe and l i t l ko log ie assooietiotts 
iiotf 1 ^ pwmmavsit ^ietatieo f ron tl ie fftmitil l i o o * * Btmm^ 
t i n e iiftwS l>elti«fti l ^ i ^ i r t i t i ^ « f t tne i r g«i»iors>liie so t t i ng t 
mm imtt ior r o« t r l o i o4 i s t ^ l r <i«r«iopsent lioti) i n lij^ cnee 
enil t t « « tii«E««» i©67| l4in«» i06t$ Pot ter* i@«7) t m t i : 
i s eont ras t i t i t * eba l lo* «Earii}e<-&tielf «dndft ere nmial l i f 
thiolcor and o<s<!iir ^xtenvtvoiy oi^or oevoral iitSoe i n a s t r i p 
•" Ifi8 
&l«m$, th0- i^&T® ihmtmt I.S0f | Pot'ter,. t86?)'« l^^rtli«rt tlw-
essoeiatei l i tnolagtas in mm shallow ii«trli$&*s'li«lf depo«il.tat 
boil^«S air#iil.t®d: i*e»eiail>l« t t o Bh^lt^mt^ sar in «*ftfc»lt ffsitfl: 
f 0 ttoet iii^irii 0i»eii®«€Hi «ir l . t0i^a «»ggeiitita b r 
eiHliiaeiit Jdii»p4»r«al p&:tf«.fai» !» t t e <i$«i-6«at mmtw<omimutm mw6f 
lietfig iS '^*' api^it #»« to %h0 aetloxi t»f flftoi. find mh% ti^-its 
Optniois^t tisiP'^ irGrf Mtier am imgmr^B %lm oHentatteii 
p t t« r t t a of «i^«ip^liedg|i}g dtp •etmitbcf itt »1iatlo« m&Tinm<» 
fiHelf swsd tKi«t«i»» €ir«0g«f' (I9S3)« BoMertton Cl9@i) stud 
UlHn it967} hmm •tiomi. tfiat tli* Mmpmrtmt p&t^eim-tn tMm 
mmvirmm&tst t» eit!i«r ixntaodal or M«»a«i with tim two 
iMHioi ela«9«it 180* apart and pfiar»ltelt»g tho «Gii«»floor 
oofistour*. WonitiM CtSSS) r«porl«d oinnit«r dtstri tnit ion 
of oroi>»^1iodi!iBg Stp aeibnitliA tn m>wm aaoiettt iiarii3«* 
Btmti msi&Bt^mm* Potter Cl90f) eoiiolii4o<l tiiot o^ocow 
besaing i s t!}U omriroiaiianit «86« a« a ralOt'fory I'arl.ifolo 
io orto»tatl«>6 aaa was ofioB Mandal in as^aa iriiore f laat 
l i t « 
tri^ i^ i^ni' i # laot «••» m «iff»* 43MI i»iM «fwil>ii a t i t l fur , 
mmAimm 4mm imt tML^f uttii m^ #f m .M^KIIMF. Hii^iit' 
%m 0m- tH' lli«^ ittftt' tHaf ffi«»ii' #.« n^t ^»^m «^m% ttrniMm^ 
t l iMl «ii4 Mwaii <iiurf#ttii ft* «» I I M t i * gifaii«i!tt. «f «lMi 
ciwlf vl*}^* I f tmm vMiy* ^ r f » » t i «P» Mnr« •ft#«it<r* -
ia ft cli^ fto fti^ftft umt w i l l *!«»« §« pxpmmm ^mmx^m^m 
i ip f t i i i yftrftllftl tft MMilit #Mt«»]*it t i ^ I t t f titfftl. mgvmn%m. 
mm mmrm ^tftftt, tUfty »tiil itirft tift* «« mwmmm^Wm^m i l ^ t a g 
tftii^ifti^ft ttir ftftft^irftfift mw §.» ^Wt MwmmM'mtm 4mpmiHmg mpwm 
tlw tftlftliiTft mmmjfmtmmf mt tim fiftfti^ «ftd ftliii^ it^fti* I t 
ift iift» ««aiiiftlifft&Xft tUftt i f ^11 iMisiii tlmmw tft yftlftttvftlir 
ttftftf aai tUft 4ftfOftitiiNB«i ftitft tft $iiftii«ii««4i i»»tii nr UMaat 
•Hi iWEii*iiii»f9 eaiirf«ttt«, • wiltt i i^li^ A&«trlliitl«tt» mum itt 
MMi» in €liftii ftiwftttftftf iMir #«f»t«pft with ttt* |iYli»fy «#«• 
i 6 t 
tlMi: «f^.88»)ie<asii3g irajri$i»#9 ^a l i i e * oMal i ied f o r 
mmtM ^ re» t t«» .urs' « f #|)0@t«| A:»t#f«««i| tnii i imis^ .«» 
tto0f # f« '^.fldtfuifmiit^ -anil ^ n t l t o r ma m^lemm^teia* I t 
M0:mr er&«iM»0<Sding vai^a»e««t values s«rieral.'lf' 
ranging. tiet««eii i&0# and SO^ D^ ^ <if> e&mmrm& t o fIi i^e^ta'l i l^. 
h&^m&em S^ e^O' «»A 'S®» tS^tifort iS60,, p*. i * t l | F^-ttcr sa* 
r«ttt|«ISB.t, l®«t t p. 68 | Ca^sliyaff,, t9$8, p, ©St)* fUe^ 
mtf .€tt i i#rl»e' o r t g i n a i^ft f^t tlm/y c^xStiMf «. ef&«.^%«d<!iiiS: 
wmwtimm rem$e o f 2025 l # ^ 6 4 C « f e r ^ « ^04-) wMe^ fa l ls 
Kelt n i t l t l s i tbe I t i i t f « eottslifterei tyi i taikt siitf «3ii^pia«iie 
o f f i i i i r l a t t i « emit <j|0lt®t« eevtroni iei i t** f l i i » Ifiadtt one 
t o agree v i t l i / IPryor <if@Oy p. 1490) «tui eonelti€red t fmt 
"AUtbongl} tHere i s tm I nd iea t i o i i t t i a t varleneoe oiall 
«tmi0&r^ ac^ io l lons of f^glOBii& «roe i3*e t ra t i f iea t io i i 
•pn.%tevBB- m^y be eiivirGaaeiita|.l,3r ^ legnoet ie t eevoral 
footore roQttiire jfortbter i s vee i l ga t t o i i * . * • • « . . Pwohmtf 
t l ie mmt i9B!»orti«at f ae to r oomferotling t t ie ya r l i ^oo m<S 
• tana&r i aev ie t ion o f dlspereei p t t o r o e i e t l io amoimt 
o f #Iope o f ttte deposit iooal. eurfoeee •• t l io greater t l i e 
awiiii:^ o f «I0|»0| %h& ssiai ior t i ie vorianeo aatf etoDllarS 
6eirlatioii*^» 
-* t€8 — 
i t .mid^mmwm «»«t pwohmtrnt ttmi^f^i^t t%m -tit« tlit«irw 
VBrl«tl#irft| »@ijirli^ «d ImlNll.ili pliafteff» mm^' I&:t^i#i l«»l 
t i l * tlitaa.Mi9» «f tii<ii«iaff»l .!i»ltii« fli« mmrtLm^ 
iB:§ tn t'Hts f«ei«» | » i«fteo$«tf im ^m it) §mm'm'k 
of fib* t«M@|«9 ftp » «lmt«* On: iw «f«rai*y: it t]fi»i«ftt 
ma0 ^$ %%wm9%fiam »li itt»ii^. m^^tmm are li»f)im «li««fs lisrn* 
ftti»&»» fit« present !«»' Mm ^xtetid. ^ t | i ^ ^ n r ««r t <»f t ^ 
t^ug^ fa l l t t? i : v l t M e ^ t i ^ f i n t t l i m # f t M * tatet«ii« 
mn%m9%m0 mimiwmimmim*.; flte -^mi l ••:ip'^Bini.t tbef^foret 
#tl>9i«iti.«ii o f »a{sa«t@]:w .Hud «li«%e» t i i f l«« i ie* i tiif> r« t« #f' 
tw * 
«t fist: td^t^fiiis'fr«^i^«&ri£: $» wmii^m%^- in t t o i!i««^ r 
Itii&«tc»m«# hf heme^ 'and ustl^ aei^ jA m>i^%Gtmit&%%9 i«piislt««. 
vliitti. iM €%st^  »«* i^ttrivM tilifmt 2i0 f ist #t s^^liacst* 
J H U R A DOME H A B O D O M E 
LITHOLOGY E N V I R O N M E N T LITHOLOGY 
Sandstonf and ihair KATROL T SERIES ' 
SILty oomicntt (25') I M II I I 
Shale (35') 
Saricfy biomicnte (10') 
Shale ;ti'} 
Sii'ijf b(ontfcriie (2G } 
Shale (7C'I 
P'}i)/'nictic conglomfrate (17') 
SanSf biomicritf (35') 
Sha^e CO') 
Calcareous quartz arenite 
tii>^ Shalt ar)d bands of 
li'r.f stone (235') 
Ferrusenous quarzarenite (W) 
Poiymictic conglomerate (32' ) 
Ferrugenous guartzarenittC ' / 
Poiymictjc conglomerate (12'j 
Shale (210') 
Calcareous quarizarenite (130') 
Poiymictic conglomerate(15') 
Shale (25') 






Sandstone and shale 
Silty ob'micr'ite (W) 
Shale (20') 
Sandy biomicrrte (12') 
Shale (25') . 
Silty biomicrrte (lb ) 
•e- Shale (IS') 
*" PoiymKtic conglomerate no ) 
Sandy biomicrite (29') 
Ferrugenous , 
quarlzarenite (110) 
Calcareous quartz arenite 
with shale ( 330') 
F errugenouS quartzaremte t3C 
Shale (75') 
Concretionary resolith (3') 
B ospar'uqile (7') 
Calcareous , 
quartz arenite (73) 
Shale (12?)') 







quartz arer\ite (74') 
Poiymictic congiomerate(12') 
Shale '135 / 
Calcareous 
quartz arenite (65') 
Biosparrudite (5') 
FIG. 19- REPRESENTATIVE VERTICAL PROFILES OF CHAR! SERIES IN 
JHURA AND HABO DOMES AND EPISODES OF MARINE 
TOANSGf5ESSinM<; ^T^ ANjn PFHRFSSinNiS f R ^ 
* I f i *••• 
liikv* Ifftitt ii. atMSS '^ mithemmit <»f ii«t«r fur « ttlM»r$ 'iribfI6 
Ihirllig fflktclt i»<»ttii»r iwiini^piifiriiKltt* tNia, Vim mp»mti§A* 
i^^ tfnpt if«siNi«ai«» <ilf tlM •«» Jdo-if* • mlittlvel?'- 9 ^ 1 ^ 
i w d ^ 6 I t«: im%h %M ^ itmm •ftesm mmekw^ •ti»l%ff «$titiiAsiiii 
«t>f}gtiMi«fiit## t% to i t t««t t l i l ^ * t.l» e@»sl«imif<fttt.» 
oentaliK r^^ gMStnt*- of imiiMrilirtMg .fttttt«*t •woltffifiiiMi* mid 
S.i»ii(to»i« Ifltdioittng ultMrciiI «f wititr Mmm tli# toiistti atitf; 
fif« mmm»fm^^ ump^mw^ 9m& •xii«t«» of th* iitiA«rlfliii 
tOfVAtiOIIV* 
«f an^N-Mtilos 0 I I %»# oilioiewiM t t ««• of long aitafmtioii 
OBd fiocdftpo^ioH 1^ wmptHi «Kl>»£a«i]eo of tlio iMistn m0/er 
iMNi ^mm-m B9t€§mm f u r tfie .g^aiaisrftl m^mm-tm^^ # f 
mm-^ •itHmi«llfici i*p#«t%# am# sot^  >^nmpmw meM^w f«et«#.» 
@ I IS 4^b«li t# pf« i !^ t f i i i i i t% «irwi^ &«i>ite: t i l Isotti %ta» lhiMt.s# 
Oaly t0ifftt<d« tit* «iid tl»«:i% i s •irMim^^r «:£ «ii l t^3.# «oiia£tl#»ii 
fo r t i l t ^•^mittmk ^t Itmrn^immti*- flt0 luare '«»r t#«« «»DiipIet* 
«if&'dr4M& of tut •«» iniffi« agatf} fro« t M s i^iiClr arf^ftf t « mo^mll 
nii^a^y il«pi»»!lil«ll m'b'mmwi.m^ ms matt &» •ttxtrf^^tmimnS^ 
file mxh^tm-ri^B^ G IV in %etlt tlte 4mmm mmekm t%m I«i«t 
tirait9§f«.«st-v» |ili:it«« «f €li«tl 6«Siaie»tatlo»«: f%» «iiitre 
jS»ti**9eil«ii «0«is»tli»» •liidto and i ine stone and ttie eoarmi 
«ta9tt«:9 mm #<»iepi«ue»e liy tlMflr at»ae]i«t« B«&%jmMmti*»m 
tool 'pto«e in a iectonlo-i^l|r mtmtim mevtwmment^ newmw 
''I>ef4ir#- «lti]aie.«6«4 Mrim ^•teet 9«<ifiientatioii, irvanitiiii 
in r«t]^t4 flii«st«i«tl<m» in depo»itlon«i «iMtditioiMi* 9li« 
tnstfiliiiitf of th« t««itonie triHiovoflE i s iwfl..o«tod in tlnfr 
op>pie»i%'ii@.# of l in t i l r aiKBdy meS ttittf mmieTttmm tmS l>i0« 
ttl®rlt'«»»; teattmralt tiivoifsion*. end fito t i i «^o» t l r ii»t«f«»i&t«i 
natfii^' of fli^rtiio: stoolos mg^ IiiM»iiton««*: 
nmm $mim 
Wlm. I^ ilxi>:l i*iri#« w0Bt» mmt tm €hm% mtt^mi$ ma^ 
'vt«ltel#. iMlfii^ «^ «r:»l M^mmr&em^* %«% i t i s tli« '^ t i#f «f 
•^il.«ir mmm^ ^M^^mm^ tm^^ i®#t| P^mm-i^ i f i t ) t^^. 
mmmt^mmyim Mxm mtM U^wm «S4H>«MI' tefii»^'tlt« tiitf- «f 
>^ toff. «#<0iii»iit'^i«» ii»i t l» ^«fitiisi»g #f :Mmm$t.m f^ &t 
tiii:# i^i«f»iyfc #f gio^p»<ii|Misiti< .^ in tit*' «t«i^ mmm wm &i 
mmmi^mMi,^ ^wm%^m i* ^bimm,- ^ tMK^  ^ «t'^<ipieBl p$. m. 
a i r i a t t l ^ pii«iiiki» fi«eii. %m- Ufamri t i i t ^ ia tvo t ll^ig« ^ ) 
t « i»i^i%iiif a i p ^ ^ m^^mmtf %» mpm^ t t t i * i i « « «ai< ^MPtiMr' 
t ^ ^ i iAr i lmt i«»: #f i»itd iwli s^tt* 'l^m ma^% mmmmm^s 
maaemti^me- for i t t l w r l i ^ i t#ini •fei«t»i«t t l ^ *i:i«iot«ii«t 
fim JSm%m^% ft«^«fte» in mm «tiii^' HI** i s tamit too^ 
t ^ »ilt i i i#a««' ittMi' tMi'^ ;ff|D(»i.9* f ^ «ti».li»0 « i ^ «iStffi«m«ji 
«'iieli #o£tiiitiiiif• enlw * ^ « r l f t r # f ttw t » t i i l t|i|.«laiiwis «f' ' 
itt'» Kuttol SftVte* «l l t l# tlt# ssndfitozsst «««e«tfit fo r t t i« t i ^ ' 
t « » « mm mt^mmemmW: mwA wmef me^mnwlkw^ Hut •mm mp--m mm9$,wi$ 
nam pci).tit $K«iiittt«»tl«r ii««i>«i«t«# vttti: tiN» 'CMiiMriftC' i»|jEMri^ iii«« 
f l » stl.t«^«»ii«* mwu& 'Mim gMmtmti$ •>ieuBi'p|<i|Hiii' ii»EW ifw»»trt«Mill 
nH^&mtmg mmtt pent* irlpjplQ «ii»«»«»t«iiEi.tifitt«si«« fiMi wti^ptm 
fti« tM«ii«4Mt'dditd 'MoillatoiMt* stMOW m pfwiniNi 4l#v«t4i{Miiiiit of' 
«i«f«iMi»i»«iNSf.i3|l' tfliiviii «NN»tr» til: i»l,ltiii3r •# INIJII. « • iiroiif*^ 
4 f i 
tmm sse.'t© 336#, l a t f t* v a i t i m * i»« tor« t flw. ir:ttm» Mm 
%bm f0.ini|it ioit '«« « «'li<»l« hftiitg, I4 i4« 
ii^ wii Alt m&im&w^mtim nnitm •mm tiii£«ti in to emw»%€mmliimm 
tr»i*«*i»(| IS BQ* W * 8 $0* S,| j i t0» R • ^ $#* t IWI« t 4 i » , « * 
BiM* t». <5f»«ir«j f l w f * m^.. Ieffl# i».ai*# .iMr# f a i r l y Altettudan* 
tfikQlt;* wm eesaottt Uttanmwtt b«t« not IHISII #%»9eirr«df t t n i t * 
et i l i t r l ^«^ ing tm6 eut^mii^till • t t ue tu rw* asm net mwii I n 
t i l * p* i^»1ii«> tteftn diiM^tftif Ctts) ir«»g«tt triMi Q,#4 |^ t « 9:«IM |^ ,» 
the i%m%^>4m^4e0 mm^H^'mB fi-rs iwir* .»Afiti«t D«titi ««'lt iortiH 
^»prl«# 4^ ^' Bf$ fM^ftrlsi # t<» .s# f#tt^ «^ iEr.ii« @^ ' t<i 00 
fii«ftMte~')ftii# #i«r| firiipW'i^tt <^ t# '1^ nl^^r ««iiiiat«f*l«t 
tlt# mm^B «fieiA 9iui« toto iii»i}.4i0#(ie:» tMmt^mm ,l«»««>l'l|r.« 
001110 ifi»pt«pi ti6fi«ffftr:i iur* ^^itiitiMi iisr fti^ii«(iii|.<l« w%%eh 
tlHi' i«it»r«l it.|sr«ri«-«i»«f«f»lfi#.. of tilt i ^ r o l 9i^i.wm%B^-
i!K»itpo»iii6itiil HjRtttfltjr «f tHe «if«»it««t ndbiAiici* of f«»o$«| 
Itiivoit and •«««• iH$a ift« overall 9lMm^likm #l«po»tti<ni of 
tti« oaadiitoiieo •eggoot ttiftt faavt^l. ftfoiielot vo«^« ^ox^iif•« 
not i*o«po80it>ie (^  for tlieir fofnatloiSi On flio otHor hm^t 
tlio li>fI«t«iiiK> of •aripo oiivlroiiaioiil ^mtimg Xtttrot oodtvoiiw 
tution I t tndioatod Ity ttio aliii»dttfioo of otrlMiiitio ootfoitf 
protonoo of loit^ ooo eal! ttilit titndo of mmt&t ttaotl'imot fftttitii 
•ttolot m4 oftotffftoiiotf • • volt '0« tlio foonillfofotto niiitiro of 
tito ro«tt in iidjoiitliif •¥«»§• 
•• I f i • 
flit prtmmf tt^Mimmmtf mm^tnmi^. tm %hB Katipot i « t l # i 
pt.-m§ mm^mettm^ 'fiw. natsi •iiai«# ar* umifomAy 0114 tiitiilir 
iw<iii««<iiiic §m6»^mmM mm tMi^«li«i«td i^ -d «c»nrr %mt$^r ew»§m^-
m^9 Hffit jct.|>pl« mmtkat mt wmm plmm* villi* t%9f mm ftmlim 
h90m0 m$ mmt pmt%in$ itittftftoii' »t i»tMri« Xii. ttt« f«ii««'r 
«#»• t'bt mpmw ptmt &$ fii« l##«r t%^itMt$§im§ i» i^nitetfl^t 
wlill# i » tte» l«l%*r til* ifi»p#.ir tl'<»ii«t«||itt« ei^ p#ftr* f (» l&«tir« 
wMmh IM leu «iMf93r i«4l««iitii mm m^mM^^mlf ewp*^ W 
tli» Itftit of f««t«v«« iui«erlb«tf' #lK»ii'»« M.fg««ift t«i» pmei»Bm90 
nm^lf, rtgirviPftlir* ««r&«i* «]r 4!hilt«l<» C i^^ Hf i®8i| ^Utt« ifSSf 
»lli.«rt &««i| Vlitit*!'! iQtS}« i^ieii eimld timr« l»««at i««|i9iiifli»|« 
f#r tlM ll«iM>»itidii of ttio Katrol MiSimmtm* 
WtBimt il90$9 |»# 80) %»• poitito^ out tliai tvfrooiiivo 
KOfloo ••(|iteiio«s iriffor ffoii Ibooo |»ro«ao«d In tlw ii#ififHi 
Pftrto of HoltA* In ilw follo9l.iqE rtopoetoi 
(i> flio i^lio of MdtMtttstion in tito pio»4oItA mmftvmmmnt 
It lioiro vmpM tlion IkoloiN^ viKfo^ lMiiO on?iitum^t in tHo 
• i f f #» 
i t ) film •tttiiBt'.iit'fff iiar# iMift" nA^alliial liiA m-eli%»'mmi$ 
IN>il« Miit'tii«»t:«» 
fli« l»A«a| itmtm»t*it KatirQi. • lul l** Mt^ ^ •A%l«ton»# mem 
$mek m€i ao not •tmm ^ti'iroifiiii 4>r «1liiiitliii ttr heitmat*' 
rapid r«t« of tmMmmfX^mtt&n ^r%m tb4»ir <i*{»iiffiti0ii i« 
)}i<>irid«tf %f tH* Al)»«no# of gliin#ofiii«i %mk of julgtttfiiiiaat 
•tfnetufVf end |#tt4 «»«|s O'li ito« telcc of thin 0mnA liit#9««' 
e^iatio»«« It. miptar* v«f^ l.lk#t.]p ilmt f i l l * lovtr tiiitf #f 
IS© * 
mttti mmiwmmmM im utiicii th^ f in * elmitlQ* iv«f« trwi«p.ori«# 
8lto«ti m ««l i l# a^ wn I D « |ii«liittaiii3««*f!rtp «]iv|]riiiHRfiiit« fitilif 
ii»:rt:, .fft'i^f»:f «*^s'lt«ii' »diir •«f««li^# in: f l i t mpm%r Utltm 
%mtm* f to« •3cl«t«ii6« ftl l«iMiir f l0ii«**]mi^»t inrtiii: s^iiUiSititalliiR, 
f!»• pmmmtmm^lf *•« «iit«ti|f « f t » i mmn t» tBrtli«r inti^itti i^ 
fl.ii$«i mmmm mm lood iriiiitii itHSIoato* # im{»t<t irnto &t nediiMtii** 
tfm toi?«0Q0l ttaiek ••<iti«iioo of r«a ii«nA»toii«« m& mimv 
i»t«x^fklfilio»« of elioloi of tut ««io eolottr »{>po«r to roproooitt 
tiio d«l«»*»frifig# oodlaoiiti #o!»o«l«o«l »» «» Mids«i»s oovlioii* 
mmt4 tHo tliiolMi»oa«!t^ ooatfoioneo onA l^io intoi^otAtod t^ln 
%&m§ of rod «t>sl«# obov noitir foottiroo oo»oi«oy»d dlognoilie 
«f f i«al«f|ttt oii¥ltoiai«tit, Soofe •» tlio rtwilMSmoo of |»oifoll^M 
mm i^xit«iiire« and losil' i»ai»t» Ci:«.{if{««. i . t f i ) i« i i itMSioftlioit* 
• i l ' I ^ I i i i n i ' «i»d: intert i l l f t t l f^i i i i {Wm Strfti i i«», t0li(4f l#aDe» 
180. *» 
wms wmum ' 
f lift; Wmi lleirJ.«« i« «tf iimi«iat«ly SO© f e«t *!it«ji: IB' t ^ : 
?«.itii. .c(t#r t i l * %%%iml s#]rt«C' '«lt|i «tll mimv^ ^i ii'tnettiiriil 
<p<»i<r«i^ «iQ«(9 lpii;l IitlM>logt«iilIr 'It^ra ft* ft 'i^ strp' m«ii%imm% 
ji&«».amiti|r %wi%%f Wm$-* m$m^% itmt^ ' t t4i)f '<oii tit* %«»i» 
"mm mmmfi^m^ twO' ^ I f f t t i i i i iGi»« ^%m%imet m^tmmkt f!iip«r«ftl 
eontftln mmtm% t9ii»il«* Ho attrlii* faaoa t» ia9««o to na^r 
|» $M Blmj i« i l«» in ttoe itltiajf airta* 
f l i t 8liii| S«rft(9f I t 0tiftraottrt««« 1^ ««y«r«tl 0^0!«t ^f 
finis$«^f}iraf«« tf»dl»«ist8* Hott Djroltt Art, 8§ tn 40 f t t t 
tM«)3e tot Mwt tiro at tMo a* 10 f t t t » ^M tlit«lrtr eyelet 
nfimilsr t t^F l if%th .gritt i»i* i f i t f i r sondfifffitt .it»<i PWMB 
mmmt^m*. tferoiiite ^cfotrtt eni t in t . .^ftn^tiQiitt ii}t« tMsly 
10 f««i tUielti the 6ii»dato.ii6' i i i t i f» i& t& US feet tMok ftpd 
1^' m^ tmr^ui %My mm wsi^w*>m'hi%ti i n «$0l0iri*» i^fttiti piiiiieeoiiA 
i^nrngmmom c^es^et iifeit« etiin^s mmnef crli^ jricjr 'Hfttflii t«> tlt« 
•aitl^It imr in i i imi i t i i tiii£lii.ral i?ltairtet«t't<iti«t »*m large* 
f l m i %%» tinn0»%mtm iratir fit>« g f l t t f t » tl».0 grAintd ISKS 
«Qlotty«ll. but ^»l loi t t toromif r»« ao<l gray «ol©«r» fr««o«i»iitf. 
vliito bluiet e<»ilKmftc»on« Bhiil«9 ar t m^eti.ltcs mmmn m^H lisnNi 
S#«iii«ntaiy •tniett i r«f i in flu* •«iif$8t0o«0 eof »i*t]r l«t«d 
In ir«ri«t3r« €ro«0*l»»dditic Qemr» ^trnm^mxtlf in f»o««tt 4 to i t 
ffoai- dlSUf: to i6-,$9», tfe« t o t a l iriisr|.«iie« top ttm # i i t i r« Mtr i^* ' 
«OTP«I«|>#«: te ii«a^' of ttai fi.»t.«*f,i'i»ti»»li ii«iiisiit©iiit|i.*!. ftwR 
timer etai i l iea ^« «#t eiiow mf imt^m»t w^m^t%tim'» %pmx$%. 
•ani f t# »ilt|r ' 8iial# i&ving « pniitteotovi^inKl l«iiliieit<id|: 
APf«'iyrA]^«' t# t i l t to]^ p<»r%'t0v$ 'Of mmw iimimt>^m^t0iB 
• f | i« pm%mmw$0le$%^»%.$ t«iet«i^||. .##Mt;pii«ltl.0i}fil. aim' 
v«i3H^ .iiiii3r«>t.ft t#«fli.l« An tb«ii« f^><@1rfi flcnH tltit «teff«»#0 nf ltpe*» 
meh « i «t>ti«ioiiQi etoaii»«l«t •aiiA'«»fffiiil« t i i t» f««l i i t i9 i t t f tnii«» 
ir&^})I«» tliidiitng higli <ir<l»r «f fi3r«f«wr«d 0ifl«»tiiti.0» o.f oi«»t9 and 
!>artiii.i Ilaeatt'On p#tnt to 9 iwilift^toia* o i^gl j i f4»r ttieiMi'iroiilui.* 
TIM is.r&:tir aatf muttm •i^.cfiitiiii* un i t * fot i i iag tti« l^wnr 
im 
stfUlstnlitw ««W3^ p«af»lit«t t o *lioii« ft»iii<l •neeiat laMf lis ««(gjp0iit# 
<t«]^)»itiH9 as l>e<A lo iu l f'Kt»» faat f lmfi jog t«i!lto1.»Eit m i i r c n t f '!» 
i f tB^i i l t to i i #»«#«%tftllr tw t l i« Ii»w0r f lew m§tm«t a t 1©?J 
liit4ii»iNt.tf*. fUft iml%tm>%matr»& im^^rtumtmBteM- ^nly nnit 
iftitiQffe' mvnm lmtm.it0m %^ t^p « f mist ' o f t i i« «editi«ottti3r 
%l» *li««jft mtemp^ r« i i® i i lA l leu: , I tMb) asmy f f o » t lm t«-v«««« 
80diii0D'l iiit#jrf«)<Mi f l t i« t t ia t i« i t iai}#f«i i l j li<»iiii» i^ik mif^i^inj^ m$ 
r«dt,tetns iafr|.ift}fi»«fit9»: 
f l ^ fi»iiig«>iip«ikjra» ey«l« ! • t yp i i» i t o f a f l t i v l a t 
Po t tc r t t&0t)« ^r t t ie f« ior«« i t i t i al«o i»t@ar th i i t «AeIi $iwh 
Hfetm iila.rt«tf w i i l t t t tr tmlwnt f low <K»»ditioii.ft Diid onHcil} up 
^gr»attia|1ll.3r' i » l « eo i t ^ i t l o i i t p*ii!iitt,tit)g depo.f!iti(»ti. fttm m$ei^ft&im 
loan aisd t l m t (ttieb oos^iitloiMi isero roimirreiitt t l irotigl i t i n e ^ttt% 
Wmt •«^itsentatloti# f l io loir ^ariatso* vat««» of oxfo»swtm<$dlDi 
&ip ttstmitht! md tt io t s l a t i v * semmity of vlialott i n tho 0o<|o«iieo 
fiiinttoir i « i i « « t t i t i t t ttio «opoo i t i » i iitt^«y»i wm o f l ov t o wwy 
t o * oiia»n«l •jM9(eo^«ity* 
ill «»^tiiii i»ii^i«« 
^pii«t Hat i^ i f t t iHini fy •sfti'^iMnit tc lmdit««l»# f«r ih». 
ii^peBitton. i»f tiwi«t4HMi* villi* iir«9U|iilI Mmttl^ i^Mi m^p%m 
• f vmrlwdi: titMi«si«6 In ft imwHmm mH^mmmt .mtii«»t 
ttftlAftlo iaMriia»|l£tf dating: M^miitftUsii 9tA«U fmitt»0t 
•me^ W,m0mmMi» &ii lift Sismm mA MAi» •^^mm tvvyi^ttirtlr*' 
^ i^piMtti' .ill: '^ i*: tfwir^ # t ^i» mmm m» m ^ mimM^ #t''fii.ip««ai'«ii:' -
f i l l «i^ i^f 'KMi* #tpMii««i* mmut^ wmmsmMnamt: ^ii/um # t ' 
'*»• I IN I - •* 
»iifttilii» i#«t#tii# Mwmmmm^ mwg%9^ mmtttWrnm^ imMnm^l^ . 
m mm^^mmtti^ m»^mumm^. anil pFioto.iNNi iftiMiiitiiiMi ^iipit fnidi.. 
•^ tmrn. 't««tt i i i id '4fli«i «tt II .iriMl^r ctiMiftir .il»fii«i^ mmii,%m ' 
til*: •ttti.ir «i9» mH$ i^ittii 4M»^ft«l^ « f S M I t# flNMHwi' ..§raAi 
lMMii« 'a^ fidKii* .In AH '^s^lM^I&tir- ito» tutiit*. ^nyLn-t*,. i iri i i i lttg 
ao'i • • • • • t « t « « .y*iWittt*» itfitt lMMitf.« I»NIII*» «iii'i^; totiiy ! ! • 
f»iyti«« ^ r Um-' mltmUe mMmmntm mi tlw €iimrl iiiyi**:* flMi 
•Jiillf»fk»lfiiiiiS. IttvtAfttt (SiiilltiMit. imt) pmi^m^9 at lct . « • • 
(t lilt* mmmtmwkm} mm mmMmm tllii«««i i0«flN>iiif«f«ii«) 
•' '$00 «•• 
iOMmit #f «l» liEMHi^ . $m^9 dsi^ fAiif: iiM'«li « f'4Mi»lti» ««miS«ftti 
t# « mv^mmm>^ii'$mAm w^^mm m^m$> iteti«t: .Mi4iMiittttl«»« 
msmmw i^»slitiili»mi. nf 'fiii|»»iifc 'Cii#) mm. wmsmt Citit) 
ia *' imp%Mg $mt$m 9ii»^«l'i* t^mriyniMMMit* HAM «mi»I|riiig., 
««f9tti.t«4l wmmt wmm hmm- in ti^ '' tiitlitir fiii.ii^ iiiNiiitt' t» 
$m 
wmmmmm. -wMmk at^wlt i t i t ^sti^ lMiii^ ifliii »f tawl iH^ - mm 
i « .iit.i*ii^  i#ii«xi«^ 1^^ mtmm' mt mm mmmt^ pmti^* ' 'Hit iwlf' 
'mmmm- imS^Mmtw « i ^ tit* iwiiftlt' Wim%. i»» utirittawfi iMN^nt 
mtimm lairalai tear iaatlimf^ t» HM^ ptlati'raly aliaast .itadtaal 
* I f t <*• 
wm^f »M§^ M^^ mmimiS^^ ^Um wm^ fiat MmmMm-
u s r s s E i € s s 
AiSiftllM., S,S., 1940* l i t | |M I«M^ iif <lli«ri fifllt* Ccif«^ Sltt«f f>toe« 
•paetal wntvrmtn to ^n?* OoaKit l>Ottr« ^ 1 . See* Xiia,« ir, 2« 
{)* 119-130. 
HMMI,. i«,: I960* ftft^bYStc f«t8tl*l)N»ii« iwm l%ii« Be^ l%|i«r JFgi^ isste 
of Ctiteit): Gnrr. % ! . • v*29, p, 3®l. 
^yras, 8 . , 1944, fifotslitw Qf«MBt«s • eliMTBt ealetlr« 43 tttniiiti^i: 
«ttidt p«irogifaplifQti«s Sot. €tQl. Ptaws# Bal l , , 6tfe ger., t . 0« 
p. T7-90. 
itijSS, J.II«L., 191^* Batff €tlft«ii Soxlir 6si the f«4lfsi^t«f7' tttue-
tHr«s of tafldi and saadiiaBas fa ralatton to flim eaadltioats 
iaologto MtJidNiwi* t . 42« ^. 1SI23-2SBI* 
. I96^« iliqrflmtrteal rl|)pl« uttflis tad tlie af l f ta of mttar laid 
eoiats of etaas atiraiat Ltvai^al ttiaeliestay ^ 1 . lanr.. v«3* 
j^. 107*236. 
1964a, Pttiiafff eatraat l ls^t taa la tlia tmm Old iad Saadttoat 
COfttaaiaB), Aasla-llitsD B»aln: Stdttsaatalogi'* t . $, p. 6 9 * 1 ^ . 
19IM8)« Stadttt ia flatrtatlla aadtMsatatiaai Six Cfelathwu 
fraa t ^ Lovar Old l&id Saaditoaa, itegia^iaiali Batfat SadliMatalotsr* 
196&I, f|ipat Old 8ad Saadtiaaa (l^rlovtaa) {Milaaageooirapliy la 
Soatlt Mitat and tfta ialafc Batdarlaadi Jaat. SadfwwitaiT Patra-
lo^t ir.%, p. I67-19S. 
._„ 1965b, flatas » apvarda ayalaa la allavtal aaeeatsionat 
ytairpoal iaaelastair 6aal. 3mt*» t . 4» |»« !^ !9-1^46. 
I^i£e, k tavlaa af t^« orlgta aad eliataetfirtattes ef raeaat 
al lat iat fadiaaatti Sadlfflmtalatn^, f .6* p. 1^-191. 
AfiKSU.^  «.!.« 19S6, ^araatle €aole|if af tlta Varld. Oltvar aad Bofd 
Ltd*, iaadaa. 80^^ 
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mXIM, $.«.« eeUL, S.A« Mdl PiR6, €.I«« 19IE», Plvt l le <f«fovs«tioa 
&AfMB^f» i,6.C«, 1^8, ^agcttt t l t f«l»rfe In ««»« ettt t t f t Mtttit lae 
Bi l f ig i^ i l , ft»8,, I9M, Qolee<«i« s«disMit*ti<ni I t tit* ««st«tB toll 
«f f r i t h S«ts 'itett»f'^^lofgr, ««12, |>» li?<*t6S« 
^ t « . Sti l l , F»l9«.« »,©« p. l l f - 1 ^ , 
,_,,,„,,.^ t9K1>, ^^ i t i t l f t e t t t oa «f l»e<Aaiif la il^mh m^ t l i i t l i f gn^nSt 
di^ssltjss Sladti €«i«t« {%l«t«» v, % 9, 1-11®. 
syHf^Si^, 9.f. , 1047, % tlie ^ o l i } ^ of • petttoi ef ttttetii iN«* 
Mmwmi MM,t m% % irlpplM m^ fftl«t«it i«{lliH»it«if MwtUte t^^im 
-Qttit tlt«fr pil«iMii|pi^.f«plif6 l«t«fpv«tall<»tt I n . J ivt . Sel,« v«4f* 
€IUI<E2I, A., t9io, i iet«ft«ple ••tflnMntsty pst fogi tp^. ^ M I B Itl^nr 
s Sons:, ii«i TDfft, 
CilSsmtAP, S»S.« 19#« f%ft |Nittofl«g|p vf tINi etaiftfe # t t t ftois t i « 
f t t f i t i mi 8ttate «*lli«rt«s« ^ s t ^kair« «Mtlff«l<t, Btl ittt Cntr. 
.,.„,_^,,.^ |%f, Shititni tint Iirl0l8 ftf tMw « t t t t te #k« i f»wi tfc« Stw* 
Bofe«T0 eoal fl#14, Bliftr i %«K i t s * • • « , S6«« Ifodt* ^ t t . J»iv«4 
», ^ » p* 165-ITl, 
19<@* inoatan tttattpraplijr ami pa]te«oe«riN»t aimlfclt la tita 
Si^aaala-Vtl l f i t ina Ataat Saia»afy iHtattlef* €i«ariet <^)EUIAI$ <foar. 
Sediawatai? I^atrolagjr* v. 3S* p. 9^ -^2« 
€AHt^, {.., l<904, SlrwBitaiPa at «ftQlB« «a gi«i da far t ia t l ta Pat l t lM 
St das. f i t « i t i ita. 4» la l^noittai l ^ r l t * ImpttMHfta tiatfo«ala» 
K4p, 
€L<Dos, @., I 9 ^ « ' j^lffisfla ifelttinpfft is ted!liB9»teii Anr tfaatslaaltm 
(Sioifakliaai 6aal. iaa<toa!wa« v« S^ « p. ^7*367« 
CS£A@gS» J»S., 1963. Satft««itatl«a In a tiSg^ a«eFfr, aalbafatf« eoati* 
aaatal aial f aatltamnats Janr. Satfianntatf Pattaleff» v. 33, 
p. ei&<43D. 
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Sttltterlaatfi ^ o l . See. to«»l«a B K I I . * V . 46, p» 1^1-1384. 
€(%BAT« J.R<, I1^6« 1%« •attyils of IW9 dtneflitonal orltalatiow data) 
Jour. CdolotJf* V* ^ t p- in*13S« 
1964, llrontftetiioiif sad rogfasitoatt i t i t l iar, i . t . , ad.. 
Papart ia Marina @solagy« tDt iaaatllan Cai9|)a»y, flaw ta i t , 
p. l?i»S03. 
DUffliS, B«€, aad ftMBi®^, l«f.« tf46, Ortaatatlan aaalyttt of flaa-
KVitnad elatlta sedineatit 3mt. moUmt v* 63, p* 146*261. 
DtCICS i^, I.A.D., 1964, Carl^ oaata Identtfleatioa aad gaaatti at 
ravMlad hf t t t laiagi Some, Sadtoootavf P«trolo0, v» 36, p.#l*SoS. 
OWS&, €«F<., t9«^« 6«aiailf of aa %|»ftr Crataeeooi effifeora bar aaar 
Arllagtoa, taxatt loar. Sadittaataff f^attologf, V435« p» $2-35, 
SB n^s^ t A.I.. . 19il , Aeeuraef In paraantafa rapraiantattea of hi»wf 
alaetal fire^ttefioiaii Hat. Atad, Set. i^toe,, «« ?2, p. 23&*236. 
I»Sfiyi^ SKt, $ . , 19^, 0fr«ottonal itmeturts to flytelii Stadia 6tel . 
Poloa;, V. 12, > 136p, 
rom, S.t*.« t9S9, Praeileal peiro^mplite elasalfloitloa of ItnattOBat 
Aa. Aftae. fattoloon 6folo8iata fi^!.i«, v. 43, p. l *ai . 
. 1962, %aetral aabdlvltloo of llnoitosa tfpatt i t O i a , U.K., 
M4*^ Cioa«tfleatiOB of aarboaata roelcti Aoi. Aaioe* Patrolaaa 
6eologtsta, Km., t , p*62-64. 
roue, i . I . . and WARD. w.C, I9S?, Sraaot Si vat ban a atady la tha 
tigaiftcaaea of {jtatn alaa paramtars lour, Sadlnastary PattolOQ;, 
», 27, p. 3-26» ' 
SAN&Qtt, S., I960, DtMaaaloaal fabrte of Rarakara aad Bartaa Waaaaraa 
faadatOBo la aaataro pari of Baagarb eoalflold, HazarlbaQb, Oool* 
i l a . Mat. Soe. ladla <?aart, Joar., v. ^ , p. 39»47. 
GANIO. f .11. aad SRfVASTAVA, f .K., 1961, Pattology of tbt Oigtbal 
aaDditoaa oatr Barog, Slaila fit t its Nabadavaa CoMiia»ratton VolaMi, 
tb« Otaaala Oil vara Ity Prata, %darabad, p. 136*147. 
€BAfff, C.ir., 1937, MMiotf to l l la i i ra ta a gaologteal tsap of €«tebi 
Traaa. Gaol. Soo., Loadaa, t . 6, p. ^B9*%6. 
^irpSfHS, 1,C«, 1952, A ravlaw of dIaMtnaloaal ortaRtatloo of qaarts 
gralai la •adinentas Sai l . Miaaral tad.. Es^i. Nsa. Stata dufv., 
f . 60, p, 47-6S. 
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mff, E,t.« Clrtdttf %tiM of th« ^onlief* A|>ptra«t«t, f%.0, 7liett«« ' 
RftfCB* F3«« 8AS¥ALt« i«H« •nd BUCi, t . , 1930, f•trilogy of ftdttaea* 
lavy roekf. € M r f i AII«s tiia Amifi. d83p. 
HGBPT. J. f . , !963« A tlr^oe'townHiIti^-rtttfl* Mturtty iitdtx and! 
iKdepeadcwet of ffee eoMpetttteii of li«Miv|r wlati^l atiMl^laQf wttii 
groit fieii|)i9tlttoa of ttiKimn «f ••adtldaas ^aat. Swiifwntaff 
PattolOfgoTt V* B3, fi. 440»4S0* 
HtlSBeSf, J.P., SC0W, l^ ,«» aatf imxm^ I . K . , I % 6 , Goapostt* aatara «f 
Sliairfatt flyseb aaaitttaaa al^ oiia tiy $|roava naldt oa tatta bad 
anrfaeet. fiAililailkira* Seotlaadi laar» Sadfnaaiafsr tPftfalaoyt 
t . $6, p4 2S7*2IO, • 
ii{|f*irais, €»o«» IfSO* $t.ttdtaa of haavy datfttal uteatala* Gaai. Sae. 
jiNerfaaf 8»I!,« v. 61* p, ^6»7l6. 
MfikS, S.A., MflfAR, i ; aad SftlfASfAyA. fjt., mm, fiaiibyaa paiaao-
ettrratts aad tlieir baaffe^ aa tb« aartliafif I fatt f 9i ffadliyaa 
aadlmiatatfaa * a pfmllmlnmtf aatas Cbat. See. ladta ioll»» t .S , 
ft* 82*4M* 
KIIi^A^ J . t , , 19SD« Vha foaQQDantaa ff4(lfiie»tatl«a la Caatral iaakaa 
Bajr, Namsaalaaai Joar* Gsola^y asd Cbapbyataf* v . ] , p. i -^» 
KlHOlJS, K.K., 1917, Saaaat and faaall rippla «arka t Oia. ikol* Saw, 
Hoaaaa Ball.* r. 26, p* l*S6. 
Ki£lN« G« da V,, 196S» Oyaasle ttgnffiaaeea af pHmtf atrnetaraa In 
ttia iiddia Jaraatle Oraat ^ t l t a Sarfaa* Soatban Eaulaadt |ft 
Mlddlataa» 6*V,, t d . , Hlmtf aadlaaataif atraatarat aad tbafr 
kydradyaawla tatarprataitoat Saa. fieaa. Palaaaatalagtata aad 
ilaaralogtatit Spaela! Pablfaatioa 12« f>, IT3»]9i. 
1947, Palaaaaurraat aaalytla fa ralattai to •odata aariaa 
aadisant dlapavtal |»atlaraf t As. Aaaoa. Pattetaaii Gaatoglita 
Bal l . , f . t l , p. 3M<-382. 
ilKIGBT, 5.B«, 1929* fbti foaatala aad Catper Poiviatleaf of tjtvantaa 
Saalas a atady of %H gaaaata af iadl«aatit ^f(l^ Qilf* Fab. Sef. 
<SeoIainr* v.l« 82p. 
KBISWiABi* 11,$., 1952, Tba atfaeiaral and taetoaie biatory of ladta. 
M«i/G«ol. Sairy, ladla, v. 81. 
1968, Gaolof^ r of ladta aad Baraa, fli9t|tBbatbaaa (1^ ) l>td., 
adraa« ^fm» 
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i»01f, C , mMi SfltfiotBta of tite fiboit* Otltt - I , 6ralii i t s * t id ^ 
», 16, p. 357*499. 
PIIIM^fN« w.€. Md FlTftJQIiil, r * l . , I930« Sianil of i«<liiietiUr3r i>ttro» 
jiripHy. 0* Apf»]«t«a.C«attti^* HiN Yoirlrt S46{>. 
IBItNSNi, P.O., 1948, T{i« iiti|8teo|»te itu^T aed ff«ld «iatstfteslloii <»lf 
w4im>nt%tf mtHi <loiir, Seeloggr, t« i 6 , p. 130-166, 
i O i l ^ , f .Q. , I9S3, Sigfilfteiat fMtyret of Qt«d«d btddinsi »m, hn9m, 
l>etto]eiiai CI«ot. Btt]l«, v. 37, {>. 1044-10664 
t9S7, Selt mtHm* of ipnided 8ftyi»iek« t»«dt« Hm. %oli»tnr« 
f .6S, p. S3l#^Sa. 
l A ^ , 0.9. , 19^, iydiiHintMfl' asTlfotifliefils ta CfetaoMtts INilrota 
Sandatoae In ttortli tNtttTa Colorado: Hn, Ataoe. Pattolaaei ISoologiita, 
Bal l . , V. 47, p, Sl29*2E6. 
iAI^iSS, € . 0 . , 1967, f^a of iadinofitarjr stfimtinrM la datamtaatfoa of 
dapotitional aavtroaseati, Maaavardo Foraattoa, ifllllaHii fort 
ieaatataa, Colomdoi ^ * Aaaoe. t^ atrolaato ^ologiata Ball* , v. Bl, 
p, 2033<«'2043, 
ioMiXOS, 6.r . , 19^, flf»e% aiid aitoefaiid t>adi of tl^ a llartinabars 
FoiMittOB iOrdOfletaa>, Ctmtral Appalaelifaiat loar. Sadimmtari' 
Patrolotnr. », 32, p. 39-91. 
1963, A olaaiffieattoa of eoMaen aaadatosat Joar. Sadlnestai^ 
Patrology, v. 33. p. 664-669. 
ioBKIOS, B.f. aad tBASBL, t.,S., 1963, Balatloaaltlp batiiaaa partia« 
Itaaattaa aad roeft fabrici Jaar. Sadittantarjr Patroloff, v. 27, 
p* 129-134. 
MelSE, B.O,, 19S7, PrlMflf atraetarat la aeaa raeaat aadlawsataJ Aa. 
Aaaae. Patrolaaii Caoleglata Ball . , t . 41, p. 1704-1747. 
NeKES, B.O., OtOSBY, B. I . aad BBBKYHSU., B.f. I r . , 1967. Flood dapoaltt, 
Btjjott Craalt, Colorado, Jaaa Wt&t ionw. Sadl«aataff Patroloer* 
f» 37, p. Q29-B5t. 
MeK^, fi.D. aad tncXB, 6.11., 1^3, t«ralaolog|' for atrattfloattoa aad 
ero«» atratifloatloa la aadlneatary roelrai Gaol. Soe. Aaartea 
Bal l . , V. 64, p. 381-390. 
liIf.t&B, P«B.j'^ *'SadlHWBt abaraetarfattoi of tbrao tjrpes of raeaat taad 
bad!as Caba«>i 38tb Aaa. Mtg. Soe. Beoa. Palaaoatolofrtata aad 
maaraioQiati, tHMfnv-, Colo. ,^^, 
• m . 
ilTIAt K.C. tHd CfidSR. 0«N«« i%4. A Mtft on tl)« Oiir l Stvlet «toiiiM 
$hwn &9tM« Kttteli^  lie I . Gultnirt* t .30, p. 192* 194 • 
NiBlil, A.S«S.« 19i3» I*«tre!o0 9f tbe i!ilft SatiditeBe, Sottt1i«rs 
ieetlMd; ^ a r . iddimentttf Pttroleffi t . I^« p» Wf'-(4, 
^fm^ i«fil., 19^« €rttn orl«Bt«ttoB In tiaftefit itadi • t ^s i l l i le «<»»• 
fdr {>f«dlefi«9 ret«ffdit n>eit (tbt J i Jour* Stdfnttiitarr f^tmi^W* 
V* 2S« p* ISO* 
iJCfldUSg R.t,, I9S6( f«tfeSo(i^ of arfMteeott iMids IQ Conoeoekeaga* 
rarwation ( i t ta Coiibtlaa) i» Nartkara hpplmehUn Vaitay of fItQtalai 
3mf, SadloMHiitafy !>ai7alegf« t^ 2A« p* S* I^4. 
OtDRii, R.§,, i093« A nasual of tti« ffaology ^^ Xndia, 2ad adlttODt 
^ v t . of ladla Ptasa, Ctieatta, 
mjmm» f .« mm^ l^nml »apon fot se^t Sae* Geol. Sttfv. ladia. 
PAI^, fl.G., 19M« Fhl^HBtlliaatar eonvairstos latitat •leaf. Sadlawatafy 
Patralofr* V* lii* p* 28i*29t. 
PASC<E, &.»., 1959, A Xaanel of tlio €«ola0y of fadia a«d Bimat IXtrd i d . , 
6on« of ladla fr«tf« Calealta, v. IX« 
PSLI£fIg8;« 8.B,» 19il , Poeono palaaaearifaiita la t«a8af Ifaala and 
iarf loads Cieot. Soe. Aaortea 9»11*« v. lHf« p, Wl*W9, 
PE7fIJtKei« r, l .« 1987a, Sadftaantarf toefca, Mifpat' ^ Srol^efa, 1 ^ 
fork, H$p, 
1967b, falaaoeartaatt of tmH Sttpavior ftaeairtirlaa ^aartsitaf: 
Otol. Soo» AMfiea Ball* , t . I®, p. 409*400. 
P&TttlOBN* F.J., Ptmm, P«E. and SlgmS. S.. 196S, €ooloQr «f aaadi 
aad aandatomai lad* fllilv. Prats, Bloonrlngtoa, WSBp, 
pfCASBii t.O* aad BSClMAIiH, O.D., 19^, Noa-opaq[tta and opa(}«a 9ral» 
fabrles af alHatOBet la Rad Paak Irabtr ( l^ iaf t io) , Ceotra! 
%oiilagi Jaar. Sadlaaotaiqf Patrolomr, v, t$« p» S06»Sai. 
PUOMSLI^  i . l . , 8fSSI£t, 6.A,, ffllAfSS, »«lf. aad lALEI, i ,E . , 1962, Kaaf^ jr 
ladax for llmostono tatarpratattoa aad elastlfieattaa: ||[Baa,ll.E., 
«d*, Ciattffiaattaa of aaiboaata facta, te« Ataoe. f^ atfolaora ^o1^» 
tilsta Bal l . , Na)i.l, p. 8&*108. 
PQOOiAa, i . e . , 19S9, Sttatlgrapliy and oil pesttbtllttot of Kiitel), STatt 
eutehf Pfoe* % i » . oa «l)a dtevalepaaat af petro loan Tatowteas of 
At fa aad ilia rar i aa l , eCATS, p. 146-148. 
rOfllR, f»S., 1^61, Si8<} li(Mll«t Md tedlffli«fittif tattr«Mi««tt i a t«fi i i i t 
Aig« Attoe. fttroltaa 6«ologittt Ball*, v. S I , p» JI3?-3I)6, 
POffSI, ^.S, tttd fiff l lSiKI, f«l.« l^)^, f i lateenfttatt %n4 bttlti 
• i i l y t i t t %rtiifet ir«rlao« 8*fllR« 39€|>. 
tRfOR, i«A,, I960* efftta««iiiif t«!!t«e«tftt9tt In %per MttftlRttppI 
Mibajpiititti AB* Attue* Fattolieon Otoloisfsit Bttlt., t* 41* p*l4T3*IS04, 
fijMMIIil!, A.« i^8t 1%ft i«tfiflioatalogleil elitraeter «f Fotfteotc fifteli i 
Aeu* €»ol. f o l . , v J * p« S3S*408. 
MMkt&t €«, l f ^ » A contrll&tttioii to tlift stfiitlfraplqr of Ctttetit 
@ttel* i l a . i a t . Soe. latlta Qaatt. loar«, t . 4« 
..._.••„ 1934, Ovtalltil itrallgrapiif of tl»« ^iNnta attrnt ftm, 2Ut l a i . 
Sal, Oongteat Cibi.) , 
I942t ^ttvatiie foeiti af CateH * tketf bMtrlag an teaie priA>lant 
af Indilaa ^toU^* Prasitfanttal Alklrafl»« j^tti IB<I« Set. €eafraai« 
Satadi, p* 93-106, \ 
8t€B, J«t..* I9gO, flow aavklagi* groflogs aad latrattratal efaapltoga 
at erltarie fat teeagaitloa of » l ^ a di^oslti with tllnftratloat 
ffoa i i lar laa tmM of i t las i An* Aiioe. Patralana <iaalogffti. 
Sa i l . , v. M , p. f l t - T 4 l , 
«*«««MHIM|MiM I9S1, fhrea a f i t tea I aavtraameats of 4i^oi!tfea aa^ etltarta 
for iracogattioB of taeiet ^^oaltad la iHieli of thOMs @ael. Soe. 
jNitrifta Bal), , v. M , p* t*SQ. 
ROCXUN, H., 1^6, StfMitagaiHirltaM lawataraR maeliatltatic} <los Saarlaadt 
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Appendix IVt<* Table shoutBg tilt«*oorreeted 
Cross-beddiiiig ltata« 
BhttJ Serie** 
Sdctor Sioealttjr Ajsinuth laelioatioii Seale 
Ca«gre0t) (tfeereat) ilnelie*) 















































































S«istor Itoeality Axleiuili loellnation Softl* 
(degrees) (aegrees) (itieties) 
mi 18 to 
23S SO U 
889 20 e 
260 20 18 
260- SO iO 
3 aeO 18 04 
268 10 ' 6 
260 10 8 
268 18 10 
288 14 6 
266 18 10 
260 20 10 
260 20 10 
2tO 8 6 
288 1@ 8 
200 20 14 
2T6 28 12 
2f0 18 6 
268 20 10 
280 20 18 
226 28 18 
248 18 10 
260 20 10 
2tO 18 8 
280 18 10 
280 18 10 
8 240 18 8 
2tO 18 6 
248 20 8 
260 10 € 
•• lit — 
Seotor Locality AeiHRiih IftellRatloit Seal* 


























































































m "j^lf tm 
Stetor tooalttf Asiimfli Inolination Scel« 
t^f(»gree»} |aegr«d») (ineliet) 
860 8 6 
26S iO S 
220 is 6 
278 18 6 
S3 t 260 25 6 
260 23 6 
2iO 25 6 
200 25 8 
250 25 5 
260 25 S 
240 30 6 
260 20 6 
240 20 a 
230 20 8 
248 20 to 
265 28 to 
240 to 8 
230 25 6 
240 tS 6 
250 28 to 
240 t5 6 
250 28 to 
240 t8 8 
250 t5 © 
260 to 8 
230 t8 8 
260 20 8 
248 24 6 
8 240 to to 
276 t5 to 
«> I f 4» 
Seetor l*ocia&itr Assianih Xnelinetioa Soul* 
(degree*) (degreee) (inohee) 
346 2S m 
sto te 6 
27S Si4 S 
2BB iS 8 
aijo to s 
278 to IS 
240 to 8 
250 20 10 
230 to 8 
240 20 8 
240 20 6 
240 22 6 
240 23 « 
225 25 8 
230 m i4 
240 m n 
237 20 8 
238 15 8 
240 20 8 
225 20 6 
230 25 6 
240 26 8 
9 265 10 6 
266 15 0 
255 8 14 
258 to 6 
254 1^ 6 
*» vi -
sector Loealtty Aeimith InolinJEttton Scel# 
(degree*) (degreea) (inebe*) 
S4S IS 4 
200 to 8 
260 18 4 
B4 iO 2T0 12 4 
280 30 6 
200 i8 8 
288 « 8 
283 20 8 
2T0 12 4 
200 to to 
288 18 8 
300 18 4 
280 0 4 
it 200 tS 0 
208 28 4 
280 to 8 
280 to 8 
280 to 8 
200 20 8 
200 8 10 
200 12 8 
208 18 6 
210 16 8 
280 18 10 
12 288 12 8 
200 20 8 
284 18 6 
280 20 4 
218 16 10 
Sector hetemlity Asiautii lnellnetSos Seele 
(<lttgr««») ( degrees) C incites) 
zm t6 e 
S5$ u m 
269 iB 8 
@60 t2 10 
280 is e 
$60 aO to 
as? 9 s 
286 Zi 6 
262 21 to 
260 m 10 
2iO 10 6 
i73 14 8 
263 16 14 
262 10 10 
302 10 6 
14 270 16 14 
276 16 10 
276 16 14 
206 16 14 
266 10 6 
270 6 10 
286 16 6 
270 6 10 
260 16 6 
276 14 10 
268 12 10 
270 12 10 
270 16 8 
286 26 14 
264 16 8 
- viii -
SeetoF L&eolity Aeiemtli Xnollnstioii £eale 




























































































• Ix • 
B90tev IiDcalitjr Aslmitti liselinatioti Seals 
(^Kigrees) (degi^es) {Inclm*) 
280 20 iO 
2S0 25 i 
a?0 26 6 
S80 16 4 
^ 0 20 6 
atfi 30 8 
Hfd 20 10 
085 26 to 
S76 to 8 
It 2tS 20 0 
260 16 4 
260 ' is ' 4 
260 20 4 
260 36 6 
260 20 4 
240 IS 0 
18 200 16 8 
280 16 8 
260 16 4 
246 12 10 
266 20 % 
250 10 6 
19 263 10 8 
268 20 e 
274 16 6 
272 10 S 
260 16 4 
264 7 6 
20 248 16 6 
247 16 3 
'"* 3C 4* 



























































































•• ad * 
Seeior Localitir Aeimitli Xnolinatioti Seale 





































































































Seefor hee&ltty Aslautti I t t c l t na t io i i Sealo 
(a«gr0«8) (llegreeai) Ctncti&t) 
IIW|#WII«»«»cl»»M«wllil«p«Mil>,«w«»IM»«ll>«WIW«><»«ll«l»'iillWI I I I ! !!»•» W W « • » » » « » 
St? 20 13 
260 iS 6 
366 tn 8 
0f0 211 t 
iS T 
250 2$ 8 
286 20 4 
2T8 26 © 
643 24 4 
274 IS tS 
20f it f 
Bf 26 230 20 SO 
296 20 6 
^6 26 ' 6 
260 tS 4 
268 i6 6 
260 16 4 
260 20 6 
2tO 20 10 
286 16 12 
260 18 10 
266 20 e 
266 18 10 
276 18 8 
266 28 6 
260 20 6 
260 28 e 
«• aei i i •• 
|gi»»li lW»l»»»B»»»«»i>l»IW»^J«»«y)ll»«ll l<l»>r»ll l»l«>ll l lW>lliM<^l»»WI»«<i>i»»»«'l '»'»l| l«i^«W«l«>.Wi'fc*^ 
B«ctor L o e a l i t r AelMutti I t tc l&oat io i i Scale 
(i!«grii«s} (degreen) (Inefcies) 
260 SS i s 
^62 6 6 
2$8 ^ to 
at 240 20 8 
2SS i d ® 
240 iO 4 
^46 U t 
249 12 8 
23S i4 8 
ass io @ 
aes IS s 
uo io s 
S66 i2 a 
300 10 a 
248 i2 S 
244 i8 e 
246 18 8 
238 14 8 
28S 18 10 
288 8 10 
240 88 8 
288 30 8 
248 18 8 
28 280 28 8 
270 20 4 
2f2 18 8 
288 18 8 
<m ISHt ••• 
i^v^reeu} (degrees) (inafies) 
zm i 4 
266 21 8 
260 6 10 
2$$ IS 4 
246 SO 6 
MS go 8 
239 15 S 
280 tS 8 
24S la 6 
aSO 20 6 
250 to 6 
ato ao 6 
260 18 6 
24S 15 6 
250 16 S 
StO 16 6 
a@ 384 IS 6 
£$88 16 4 
388 18 8 
.890 10 8 
294 16 6 
203 11 8 
30a 9 6 
303 14 6 
310 13 10 
30 398 6 4 
398 8 6 
288, 8 8 
377 10 8 
^ Xf *• 
Sector h&e&llty Aslinitli luelitiatioii Seal* 

























































































ll»«ti«IIIW<lllil»H»<»»l«l>M»«l»l««l.»<ll>«»ll»«r»«» Ml [IIIIWlW « • « ! » » 
8«ietor hoeattity Aasimitli Ittelinfttiogi Seal* 





























































































- awii • 
«l»M»»MIP»l«»«i»»»l>«li«l>lll»«l|i«WWtllllil«»»M«M«twii»<i»Mt«»rl«t<»j«l»)IIINi»«»<l» 
8«etor tooaiity* Azimxtth JmtilinoXion Scat* 
(degr««s) {degreee) (IncliGfi) 
260 20 to 
2t0 09 10 
Zm 85 12 
260 26 6 
266 19 6 
atO 15 10 
256 20 8 
aOO 16 8 
26t 10 10 
266 16 6 
269 20 10 
B9 36 266 12 8 
250 16 6 
250 12 4 
260 18 6 
260 16 6 
260 13 t 
240 16 12 
240 14 24 
240 17 8 
270 20 10 
260 20 16 
270 12 6 
260 14 6 
260 19 12 
210 20 8 
260 10 6 
270 18 6 
270 20 10 
270 16 2 
•• xrlii -
Sector tocQllty Asinutli IneXinatioii Seeil«» 
(aegree«) (iSegraee) (loeties) 
250 i« 00 
36 260 i2 8 
260 14 6 
260 t6 4 
266 16 to 
268 20 6 
gfO U 6 
2T0 16 t 
2tO 18 12 
2fO 20 24 
219 10 8 
2t8 14 16 
281 13 20 
282 16 6 
282 18 . 6 
284 22 12 
284 22 8 
264 14 6 
200 10 6 
280 16 10 
280 16 2 
208 14 20 
3t 248 16 5 
2t8 16 5 
296 it 4 
268 16 6 
204 16 2 
340 10 3 
m M%X "» 
Seetor hoct^Hty Miemtta Zeellnationi Seal« 
|d*gr0»«) (degrees) C&»(^ l>««) 
24d aa 3 
330 26 a 
318 m U 
MZ t€ 4 
232 20 6 
240 i8 8 
262 20 4 
203 16 6 
»16 2t t a 
336 22 3 
310 20 4 
006 12 4 
310 11 a 
328 12 4 
329 12 4 
30 16 12 4 
326 26 8 
326 36 12 
326 36 12 
31T 30 6 
342 32 12 
202 28 i 
330 30 6 
312 It 3 
314 31 S 
32 4 
••• XX. *• 
Seetdr Loef t l i ty Jkeiotitti X i ie l inat le i i Seale 
(tiegreoft) i^mgre^e) (inoheii) 
40 2SQ f j @ 
854 14 8 
S40 e io 
246 § e 
250 iO 8 
300 SO S 
ago sa to 
240 to 8 
240 to to 
280 to 0 
300 10 3 
2tO t5 a 
2S5 111 0 
SSO t0 8 
240 20 10 
250 to 8 
4 t 330 20 3 
308 20 4 
286 22 0 
286 22 6 
202 2 t 6 
320 to 3 
StO 20 3 
240 to 6 
StO 22 4 
42 2?t t 2 0 
2?0 t4 6 
«•- *«.t <• 






























































































Sector bdcallty AslmttH Xnolinatloii Se»l« 
(tfegiiee*) ((3«grfiG«) i%-metie»}. 
^ 0 tS $ 
070 m 8 
200 S4 4 
mQ u 5 
266 16 a 
2tO 1» to 
060 IS 6 
S47 to 6 
^ 0 m 6 
260 to 4 
260 38 6 
Sf 0 30 14 
aoo if 8 
260 6 6 
$00 10 6 
300 10 6 
Bit 43 306 U 4 
S58 6 a 
ass 16 4 
254 IS 4 
238 22 3 
200 30 6 
44 2t0 30 14 
240 10 8 
240 26 6 
260 20 8 
280 20 14 
» XKiii •" 
•>i|iiiMiiiiaii>iiaii<i«»'»»«i»wiw»iiij(iiii'ttU»«»iiii.«»ii«>«iwiii!«M»liiwi»»» 
Seetor hotmHty Mimtth Inolinatioit Seal* 






























































































« SESiy • -

























































































Sector h^amtity Asfismtli l»oii!S«tl»ii Sisal• 
iHtn^&m^) (degresti) dinettes) 
m$ ^ to 
urn tB 4 
aw 20 6 
266 6 4 
1260 SO 14 
ago 16 t4 
sta u u 
urn m e 
2W 20 i 
290 IS 6 
200 to 20 
220 20 to 
2i.@ is @ 
BI2 40 240 20 20 
200 10 8 
2S0 20 16 
2S0 20 8 
2S0 U U 
2S0 20 t 
200 iO 8 
300 i9 4 
240 to 6 
2S0 U B 
260 IS 0 
47 232 28 4 
310 22 S 
2t0 20 3 
200 2i 4 
«• wmi •*• 
(degmefi) {iSegrGeo} iia&lm») 
Mt SO 6 
mf m # 
090 20 S 
4 i 24« M £ 
988 iS S 
.88® « 4 
S3i so 4 
set SB 4 
066 ^ 4 
244 2B 9' 
308 IS 2 
nm to a 
aes 26 4 
IS'MP 0 4 
n$ m 4 
318 § 4 
<ti»r>»»W'i«liiiprliniMi>iiiiiii|giMiiiilii|)i|-||fl»i»>»»Mi<>i<w<!»iiirlMi<pitl>ii»iM 
40 aes io 4 
260 la $ 
274 16 4 
284 it 5 
288 m 8 
s^ o 14 m 
206 i6 12 
204 16 t 
206 22 6 
w marrti • 
Stetor hoet^titf AsKiwH-ib luol l i iat t&i i Seal© 






























































































• apwrltt *• 
^»«^llM^^l»lll»l^l||Wl»Wlll^w»l•,!ll^^»^^l^llW^Wll^ll^lllw>||lil.ll»»lrll^^^»^» 








































































(d«gre^ii) (tffigreep) (iaelie*) 
'»ltl»l>ll-|M»MWI><lll«l||JII«ll»#|i«»lllllill<l«l[»l)li»»Wi«»i|»iW««W'^ 
SiO to S 
321 as 2 
324 to 3 
330 to i f 
308 30 to 
03T to 4 
340 tS 4 
33t t i 4 
330 to 4 
333 t t 3 
303 30 i 
33 334 to t3 
336 30 t3 
ft to 4 
9 t o 4 
3tS to 4 
to to 4 
343 tS t 
33 300 30 4 
330 t f 4 
308 30 8 
300 to 4 
840 30 3 
340 to 4 
330 30 4 
3?3 33 4 
300 36 B 
306 0 6 
«tt 3CX3C '^ 
•jUiWiigw.iWiaii.mnrrrr TITH"rn nif TH ifrr r^ 'rir'Tfir i.i irr r t r rn tnnf I T iff""'—TirlwrrnTTiTYT'" """ r rrnnf irrmr tTniinrnrti'rrfir*- w i[(i iia r-tirnriritiy 
Statu.!* I^neali'ty Aisimath I»«l,liiattoti Soale 
(a«gf««t) (d«gr6«s) (ineB0») 
i»>«i»i»iili«>i>i»..l»i(tii»i»«»»i«>iWiM«liil»ipiii)i»ri»»-iwiWM»w«P 





























S«et«r Etoealitf ^aiinitli Inotliifitioii Seal« 
( i«er««c) (degrees) (iiie1ie») 


















































** XKMMI *" 
(d«gi^ 6«) (degree*) itmehem) 
324 m # 
S04 id 6 
aas 18 4 
340 11 a 
3f6 m i 
010 SI 0 
380 M 0 
318 to 6 
308 It 6 
i4 m 10 
300 e 4 
380 to 4 
6f 38t IS i2 
366 3t 18 
0 16 4 
0 iO 4 
348 10 4 
10 16 4 
343 IS 4 
88 334 18 16 
348 10 4 
320 0 8 
340 10 t 
348 30 4 
336 24 14 
60 304 33 8 
348 38 4 
8f 14 4 
80 11 4 
lllt»»l«l»»»»ll««»l»ll»l»lilWI*»'l!l<»'»l»»«'''«»l»*«*<»»ll«l»»lllJIIIIIIW«>ll* 
immm} (regrets) iimnm} 
m ii 3 
30 m 4 
34 13 S 
K2 0G 44 30 in 
m m u 
M tt 8 
80 as $ 
18 23 @ 
t4 20 S 
14 m B 
f m B 
? is 4 
ass t4 6 
3©S 16 « 
068 as 8 
348 m M 
344 30 10 
308 30 O 
328 10 3 
333 33 3 
81 6 13 8 
10 11 3 
13 8 4 
to 8 $ 
13 10 4 
15 13 3 
**' JQKiBJl.^ik **' 






























































































S««ti»r h@e&3.itf Aztimtu tm%t»&tfom Seat® 
MI t i f 
m m m $ 
m m d ' 
m B m 
m m u 
m • e IS-
Si ^ - u » 
6s' i.2 m $ ' 
13 14 %Z 
B • . iu. • i s 
s0 i t m 
iS 14- f 
80 t® # 
2f * $ • 4 
18 m m 14 i2 
16 IS it 
M m id 
16 i f 0 
l« i t # 
i6 i i $ 
0i ia H m 
i0 i3 @ 
I t Et $ 
B00tpw Looslity Azimuth Inolination Scale 
i^egre&B) i4&&^&fi} Ci»«ih»e) 
to is 0 
a t4 @ 
f m s 
t 14 4 
9 14 6 
9 HO i2 
t 20 e 
iO 20 4 
I t 20 3 
iS 10 8 
1$ t® 3 
f i@ a 
00 OS 8S 4 
iO ' 22 4 
iO 24 4 
SO 20 S 
02 30 0 
36 80 0 
Of to 20 0 
to 22 0 
t? 20 4 
i t 22 e 
i t 24 4 
te 24 0 
to 30 to 
to 20 to 
m XBKfi> ** 
<tMi»iiij»<wii«iw<iiiiii»>ip«i>w.iii«wi»iiiiwiwaiiMii»iw»i[)i>i»»i«w.'ii»i^ 
S««t<ir htteetlltf Astmitli Stietlnatioit Sisal.* 
imgwrnm) (<l«griie«| {Inehem} 
rimii»!jrim(iiiiiiiii»iw<wi<i»i»i#i#i!.^||ii.iiiii«iiiiw.«»wiwipii»ii^ 





























































































<WittiT-iWfi» mfftfrmiWiiWi*wri**iWfliii*mf^'iiiffinifTiiiir-tirMm Tim HJI ii|r» •^ '" ' ' l " ' ' ^•"""•"' ' • " " • * • • • i»*" "* •• ' •*- nr-pn- i . ^m .m-pf ' p [ • " " •n rrr iTf'ft' 
»l>WWII»l>llll>«l»»ll»<#»«t«ll»»».lll>l»»»«!»IWII»tWII»lM»'»'l»»«WII»Wll»IW 
S«et<ir lUooality Asiatnttt. Xeel l t ia t io i i Seftl^ 
21 39 20 a4 6 
16 i$ 4 
309 16 i 
i so i0 ? 
3fio i d 0 
3S0 m 0 
300 i0 « 
343 14 4 
34$ m 4 
343 39 4 
34^ 39. 3 
333 34 6 
S33 23 3 
333 39 # 
333 39 3 
333 M ti 
330 13 t 
353 U 3 
333 39 14 
fO 13 34 3 
13 39 3 
23 33 4 
26 80 3 
23 3t 3 
39 29 10 
37 25 4 
43 83 3 
• » » i i l > . W < l l ' » » M ' « i « ' W W i i » . l i « i w • ! • • « * < » ' M M » • • iimMl iw Willi••i]iiiiiiii<««»i:i*lwi^l^ 
S«otor liOOAlltf Asiiautli Incliiiatioi} S«a%« 
(degree*) Cia«gree«} (tnetie*) 
illlii |»»MMI«l«>».llllll>ll»M«»»«lil»WIIIIIiti»ll»ll»lillM>»IMlMM1«i«IIIW«l^ ' 
71 SSI 18 4 
dio as e 
340 2B ? 
fS 2 13 30 
u m IS 
17 34 m 
m 33 t e 
26 34 6 
m m io 
73 6 18 6 
15 17 4 
15 19 S 
30 17 0 
16 33 « 
33 31 S 
38 31 S 
m 74 17 18 10 
31 16 8 
3S 16 10 
38 30 8 
38 30 10 
35 36 8 
35 36 10 
8S 36 8 
3 i 30 8 
30 36 S 
Sector LoeQiity A^lisutli Xacllpatlon Soale 
(dogreoit) (d0grGro«) iinelm&) 
fi ae m $ 
m m is 
2$ m u 
2t i6 t 
•zn w t 
24 iS i 
2$ 27 0 
sag i6 s 
dd8 19 to 
34S la 12 
3SS 29 14 
ft 10 is 9 
10 i4 it 
22 18 14 
24 * 25 ii 
22 22 e 
26 it $ 
m u 6 
87 10 8 
112 IS T 
325 13 6 
2S6 if 9 
347 12 8 
S5T 15 t 
342 11 » 
Se t^Qi^ r Um&ltty Assifttttli I jao l l i ia t ton Bisul^ 
(adgreee) (<!6|;reo») (l i ioite«) 
t e i « i 8 i t 
13 ' f t B 
M SS 6 
30 as i 0 
33 S@ t2 
70 14 @ 6 
27 n a 
£$ te a 
35 t 4 $ 
06 i t 8 
St 8 7 
28 i t 6 
28 i f B 
U i t f 
diMrl SttFiiiv* 
Seetor Loca l i t y 4si«i i t t i Xnel laat t im Seai« 
(««gr««») (aegr«««) ( ine les ) 
IWim Wllllll»lll»»««»w»illlllllll»IM«lril>»wrill«l»«>l|»«Mtll>>»)W»««»lliiln»ll«««lilMiM||i|i»ii|W 






















(rt#§ree») (degrees) (iBchcs) 
iKiwiwiii>W!c**«>wi-n*iaiiw>iwp»iiiBi wwit4#MMita i<i mill wiiiiij*iiinwBiiniiiiini-iHriip(injiiij inai?wBw*itiij).iiwwi mimmamim-'^t'f^i^j^in'^'timimitmmiim' 
tm m 4 
jlZS 1,4 - 4-
208 20 @ 
284 Si iS^  
Sl%2 14 t$ 
200 BZ 36 
276 25 to 
22t 24 10 
244 to 6 
234 30 « 
216 311 6 
2t6' tS 4 
26t SO e 
266 .2S 12 
282 10 to 
21$ 20 10 
82 86 11 10 
160 21} S 
1S2 22 10 
170 28 16 
198 22 12 
210 19 8 
IfiO 16 6 
- . Xli-fl -
$0eto7 Local i ty Aisimitlai twt&lin&tiQia Sealfi 
<d«gr060| ia^gm^M) Ciooiies) 
83 t8S 90 0 
108 08 to 
206 Bi 6 
208 150 t 
211 m tn 
104 4 i i 
tm 40 8 
108 02 6 
I 0 t 48 t 
t t a 4« IS 
mz m 6 
200 06 4 
@<»4 i 4 18 
2m 42 10 
210 40 1$ 
£02 86 16 
20S 8f 8 
C2 85 122 04 14 
96 20 6 
230 16 6 
231 28 i 
210 20 8 
180 20 8 
ieB^rme»} Caegri&ee) OnRl^ep) 
SIS m $ 
tm 18 f 
t6S ' 3S to 
tW IS IB, 
100 W 6 
tea ao 4 
144 m i€ 
184 1^ 8 
ISO gS 6 
8$ ItO SI f 
162 la 10 
Its m i 
t6 an 8 
tiB an 4 
les ^0 f 
8? 188 m 4 
194 so 4 
let 44 8 
1^0 80 4 
100 48 4 
208 46 4 
212 44 6 
Sia 60 4 
214 48 4 
too 44 8 
f- ^ -XLi* -
(i!#gr0«o} (d«grei|9) lin&lset) 
6i 190 SO 6 
tm 48 6 
*«$ SO 3 
B16 44 4 
314 SO 4 
m m Z94> 43 io 
SS04 46 to 
204 §8 to 
i04 so IS 
SOS m u 
210 i2 S 
004 is f 
00 04 as 6 
isa te 5 
SNkO 20 6 
t40 m 4 
I 
tSO 14 4 
030 ii 6 
too ts 0 
Of 90 te t2 
268 20 4 
t04 ta 4 
220 6 S 
•• : -^-LSf -
(.degree it) (.fiagrssa) iltit;het>) 
260 34 # 
200 iO 4 
2t6 iO 4 
es IS 3 
60 20 3 
l l » 20 4 
202 30 $ 
ta4 30 4 
ITS S» 4 
2i0 20 4 
208 2S> i 
a$o se 4 
210 20 e 
209 20 $ 
02 140 20 4 
30$ 20 S 
SO m 4 
iT2 16 e 
mz 12 i 
06 20 e 
202 i f 4 
i04 iO 4 
228 2S 6 
266 IS 6 
206 m 9 
106 16 a 
102 14 t 
liiWiii|i»'l!^—tMPIIIIiilHnl 
•» rrxyixvt -• 
l>^IM»»<WMfc<ai#>»li»*t»WI>W|><lll<<l»MI>*»* »aiii>iiij<iWi'^Miiiii<aiiiawiaai*«wwi'<iiiwi-iBiiMiiii nniiipiia 



















































































^ t M M t t n i S ^ 
m % «* S S «l 
t i i S S S S i: ^  II :3 $ ^ 
*s s ^ 
m m m 
^- # ' # ' I * iHi^ .' 
t « l * i t ^ S S 
9i «4 15 'W 
* • 
m % 
s t § i 1 8 8 a €• CI I * » 
S 1 3 i g I t a 
i I i i S g i n SI : s ^ 
t t ^ 1 I s s tl H % S' ^ 
• # 
^ «« 
»s te i It SI 
m '*ii m 
^ fif ^ • ! 










««: ^ Ql ^ « 
i s u i . i s 
^ 5S « 55 IS 
s s s «* i n •" 
ie # «i-' ^ •* s» «l 
0 9 i t '4» 
M *»•• * l 
SI 
^ m U 
i i ^ i i i i 






it- P' H # 
« «i. •*» 
7 
S 2 
n n s 
% % 
t» •<« wi 
m m <st % n ^ ^ 
n 
U S 31 S S » S * 




19' ^9 0^^  Cl^  fift 4^ i^^ ' m m m wt i l ^ 
«i 
S i f t 8 S 
i n i 
t S t I S § 
